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ADJUSTABLE EXPANSION CONE ASSEMBLY 
Cross Reference To Related Applications 

This application daims the benefit of the filing date of U.S. provisional patent 
application serial no. 60/318,021. attorney docket no. 25791.58, filed on 9/7/2001. the 
5 disclosure of which is incorporated herein by reference. 

This application is related to the following: (1) U.S. patent application serial no. 
09/454.139. attorney docket no. 25791.03.02, filed on 12/3/1999. (2) U.S. patent 
application serial no. 09^10,913, attorney docket no. 25791.7.02, filed on 2/23/2000. 
(3) U.S. patent application serial no. 09/502,350. attorney docket no. 25791.8.02, filed 

10 on 2/10/2000. (4) U.S. patent application serial no. 09/440,338. attorney docket no. 
25791 .9.02. filed on 1 1/15/1 999, (5) U.S. patent application serial no. 09/523,460, 
attorney docket no. 25791 .1 1 .02, filed on 3/10/2000. (6) U.S. patent application serial 
no. 09/512,895. attorney dodcet no. 25791.1Z02. filed on 2/24/2000. (7) U.S. patent 
applicafion serial no. 09/51 1 ,941 , attorney docket no. 25791 .1 6.02. filed on 2/24/2000, 

1 5 (8) U.S. patent application serial no. 09/588,946, attorney docket no. 25791 .1 7.02. filed 
on 6/7/2000. (9) U.S. patent applteation serial no. 09/559.122. attonney docket no. 
25791 .23.02, fited on 4/26/2000, (10) PCT patent applicatkm serial no. 
PCTAJSOO/18635, attorney docket no. 25791.25.02, filed on 7/9/2000. (11) U.S. 
provisional patent applicalkm serial no. 60/162.671 , attorney docket no. 25791 .27. fited 

20 on 1 1/1/1999. (12) U.S. provisional patent appGcatkm serial no. 60/154,047. attorney 
docket no. 25791 .29. filed on 9/16/1999. (13) U.S. provistonal patent application serial 
no. 60/159.082. attorney docket no. 25791.34, filed on 10/12/1999, (14) U.S. 
provisional patent application serial no. 60/159,039, attorney docket no. 25791.36, filed 
on 10/12/1999. (15) U.S. provistonal patent application serial no. 60/159.033. attorney 

25 docket no. 25791.37. filed on 10/12/1999. (16) U.S. provistonal patent applicatton serial 
no. 60/212,359. attorney docket no. 25791 .38. filed on 6/19/2000. (17) U.S. provisional 
patent application serial no. 60/165.228. attorney docket no. 25791.39. filed on 
1 1/12/1999. (18) U.S. provistonal patent applicatton serial no. 60/221 .443. attorney 
docket no. 25791.45. filed on 7/28/2000. (19) U.S. proviskmal patent application serial 

30 no. 60/221 .645. attorney docket no. 25791 .46, fited on 7/28/2000. (20) U.S. provistonal 
patent applicatton serial no. 60/233,638, attorney docket no. 25791 .47, fited on 
9/18/2000. (21) U.S. provisional patent applicatton serial no. 60/237.334. attorney 
docket no. 25791.48. filed on 10/2/2000. (22) U.S. provisional patent application serial 
no. 60/270.007, attorney docket no. 25791.50. fited on 2/20/2001; and (23) U.S. 

35 provisional patent applicatton serial no. 60/262.434. attorney docket no. 25791 .51 . filed 
on 1/17/2001. the disctosures of which are Incorporated herein by reference. 
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Background of the Invention 

This invention relates generally to wellbore casings, and in particular to wellbore 
casings that are formed using expandable tubing. 

Conventionally, when a wellbore is created, a number of casings are installed in 
5 the borehole to prevent collapse of the borehole wall and to prevent undesired outflow 
of drilling fluid into the fonmation or inflow of fluid from the formation into the borehole. 
The borehole is drilled in intervals whereby a casing which is to t>e installed in a lower 
borehole interval is lowered through a previously installed casing of an upper borehole 
interval. As a consequence of this procedure the casirig of the lower interval is of 

10 smaller diameter than the casing of the upper interval. Thus, the casings are in a 

nested a^angement with casing diameters decreasing in downward direction. Cement 
annul! are provided between the outer surfeoes of the casings arid tlie borehole wall to 
seal the casings from the borehole wall. As a consequence of this nested arrangement 
a relatively large borehole diameter is required at the upper part of the wellbore. Such 

15 a large borehole diameter involves increased costs due to heavy casing handling 
equipment large drill bits and increased volumes of drilling fluid and drill cuttings. 
Moreover, increased drilling rig time is involved due to required cement pumping, 
cement hardening, required equipment changes due to large variatkms in hole 
diameters drilled in the course of the weD, and the large volume of outUngs drilled and 

20 removed. 

The present invention is directed to overcoming one or more of the limitattons of 
the existing procedures for forming new sections of casing in a wellbore. 

Summary of the Invention 
According to one aspect of the present invention, an apparatus for radially 

25 expanding a tubular member is provided that includes a tubular support member that 
includes a first tubular support body defining a longitudinal passage, a first lug coupled 
to and extending from the first tubular support body in the radial direction, a second lug 
coupled to and extending from the first tubular support body in the radial direction, and 
an expansion cone support body coupled to the first tubular support body. The 

30 expansion cone support body includes an N-sided tapered tutnilar support member, 
wherein each side of the multi-sided tapered tubular support member defines a T- 
shaped slot. N expansion cone segments are movably coupled to the expansion cone 
support body, each including an expansion cone segnnent body including arcuate 
conical outer surfaces, a first T-shaped retaining member coupled to the expansion 

35 ootm segment body for movably coupling the expansbn cone segment body to a 
corresporKling one of the T-shaped slots of the expansion cone support body, and a 
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second T-shaped retaining member coupled to the expansion cone segment body. A 
split ring collar assembly is niovably coupled to the exterior of the tubular support 
memt^r that inclixles a second tubular support body defining N T-shaped slots for 
movat>ly receiving corresponding ones of the second T-shaped retaining nr>emb^ of 

5 the expansion cone segments* and an L-shaped retaining memt>er coupled to the 
second tubular support body. A first drag block assembly is nnovabiy coupled to the 
tubular support member that includes a first drag block body defining a slot for 
receiving and mating with the L-shaped retaining member of the split ring collar, and a 
first J-shaped slot for receiving the first lug. and one or more first drag blocks coupled 

10 to the first drag block body. A second drag block assembly is movably coupled to the 
tubular support member that includes a second drag block body defining a second J- 
shaped sk>t for receiving the second lug, and one or more second drag blocks coupled 
to the second drag block oody. First and second packer cups are coupled to the 
tubular support member between the first and second drag block assemblies. 

15 According to another aspect of the present inventton. an apparatus for radially 

expanding a tubular member is provMed that includes a tubular support menniber that 
includes a first tubular support body definbig a tongitudinal passage* a first flange 
coupled to the first tubular support body, a second flange coupled to the first tubular 
support body, a first tapered flange coupled to the first tubular support body, a second 

20 tapered flange coupled to the first tubular support body, and an expanston cone 
support body coupled to the first tubular support body. The expanston cone support 
body includes an N-sided tapered tubular support nriember, wherein each side of the 
multi-sided tapered tubular support member defines a T-shaped slot. N expansion 
cone segments are nK>vabty coupled to the expansion cone support body, each 

25 including an expansion cone segment body including arcuate conical outer surfaces, a 
first T-shaped retaining member coupled to the expanston cone segment body for 
movably coupling the expansion cone segment txxly to a corresponding one of the T- 
shaped stots of the expansion cone support body, and a second T-shaped retaining 
member coupled to the expanston cone segment body. A split ring collar is movably 

30 coupled to the exterior of the tubular support member that includes a second tubular 
support body that defines N T-shaped slots for movably receiving corresponding ones 
of the second T-shaped retaining members of the expanston cone segments, and an L- 
shaped retaining member coupled to the second tubular support body. A first collet 
assembly is movably coupled to the tubular support member that includes a first tubular 

35 sleeve that d^es a slot for receiving and mating with the L-shaped retaining member 
of the spGt ring collar, a first counterbore for receiving the first flange, and a first radial 
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passage, a first spring received within the first countertx>re. a first retaining ring 
received within the first countert)ore^ a first load transfer pin coupled to the first 
retaining ring and extending through the first radial passage, a second tubular sleeve 
coupled to the first load transfer pin, a first resilient collet coupled to the second tubular 
5 sleeve and position^ above the first tapered flange, and a third tubular sleeve coupled 
to the first resilient collet A second collet assembly is movably coupled to the tubular 
support member that indudes a fourth tubular sleeve that defines a second 
counterbore for receiving the secor>d flange, and a second radial passage, a second 
spring received within the second countert>ore, a second retaining ring received within 

10 the second countert>ore, a second load transfer pin coupled to the second retaining 
ring and extending through the second radial passage, a fifth tubular sleeve coupled to 
the second load transfer pin, a second resilient collet coupled to the fifth tubular sleeve 
and positioned above the second tapered fiange. and a sixth tubular sleeve coupled to 
the second resilient collet. First and second packer cups coupled to the tubular support 

1 5 member between the first and second collet assemblies. 

According to another aspect of the present invention, an apparatus for radially 
expanding a tubular member is provided that includes a tubular support member that 
includes a first tubular support body defining a longitudinal passage, a first radial 
passage defined in the first tubular support body fiuididy coupled to the longitudinal 

20 passage, a first flange coupled to the first tubular support body, a second flange 
coupled to the first tubular support body, a first tapered flange coupled to the first 
tubular support body, a second tapered flange coupled to the first tubular support body, 
and an expansion cone support body coupled to the first tubular support body. The 
expansion cone support t)ody indiides an N-sided tapered tubular support memt)er, 

25 wherein each side of the multi-sided tapered tubular support member defines a T- 
shaped slot N expansion cone segments are movably coupled to the expansion cone 
support body, each induding an expansion cone segment body Induding arcuate 
conical outer surfaces, a first T*shaped retaining member coupled to the expansion 
cone segment body for movably coupling the expansion cone segment body to a 

30 corresponding one of the T-shaped slots of the expansion cone support body, and a 
second T-shaped retaining member coupled to the expansion cone segment body. A 
split ring collar is movably coupled to the exterior of the tubular support member that 
Indudes a second tubular support body that defines N T-shaped slots for movably 
receiving corresponding ones of the second T-shaped retaining members of Vhe 

35 expansion cone segments, and an L-shaped retaining member coupled to the second 
tubular support body. A first dog assembly is movably coupled to the tubular support 
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memb^ that includes a first tubular sleeve that defines a slot for receiving and nnating 
with the L-shaped retaining niemt>er of the split ring collar, a first countert)ore for 
receiving the first flange, and a second radial passage, a first spring received within the 
first countert>ore, a first retaining ring received within the first countertwre, a first load 

5 transfer pin coupled to the first retaining ring and extending through the second radial ' 
passage, arxJ a second tubular sleeve coupled to the first load transfer pin that defines 
a second countert>ore for receiving the first tubular sleeve, a first resilient dog coupled 
to the second tubular sleeve and positioned adjacent to the first tapered flange. A 
second dog assembly is movably coupled to the tubular support member that includes 

10 a third tubular sleeve that defines a second oounterbore for receiving the second 
flange, a third radial passage, and a fourth radial passage fluididy coupled to the first 
radial passage, a second spring received within the second couritert)ore, a second 
retaining ring received within the second counterbore. a second load transfer pin 
coupled to the second rataining ring and extending through the third radial passage, a 

1 5 fourth tubular sleeve coi4)led to the second load transfer pin. and a second resilient 
dog coupled to the fourth tubular sleeve and positioned adjacent to the second tapered 
flange. Rrst and second packer cups are coupled to the tubular support member 
between the first and second dog assemblies. 

According to another aspect of the present invention, an apparatus for radially 

20 expanding a tubular member Is provided that includes a tubular support member that 
includes a first tubular support body definir^ a longitudinal passage including a throat 
passage, a first radial passage defined in the first tubular support body fluididy coupled 
to the longitudinal passage, a first fiange coupled to the first tubular support body, a 
second fiange coupled to the first tubular support body that defines a seoorxl radial 

25 passage defined in the second flange fluididy coupled to the longitudinal passage, a 
tapered flange coupled to the first tubular support body, and an expansion cone 
support body coupled to the first tubular support body. The expansion cone support 
body indudes an N-sided topers tubular support member, wherein each side of the 
multi-sided tapered tubular support member defines a T-shaped slot. N expanston 

30 cone segments are nrxsvabiy coupled to the expansion cone support body, each 

induding an expansion cone segment body induding arcuate conical outer surfeoes, a 
first T-shaped retaining member coupled to the expansion cone segment body for 
movably coupling the expansion cone segment body to a corresponding one of the T- 
shaped slots of the expansion cone support body, and a second T-shaped retaining 

35 membw coupled to the expansion cone segment body. A split ring collar Is movably 
coupled to the exterior of the tubular support member that indudes a second tubular 
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support body that defines N T-shaped slots for movabfy receiving corresponding ones 
of the second T-shaped retaining memtwrs of the expansion cone segments, and an L- 
shaped retaining mennber coupled to the second tubular support body. A dog 
assembly is movabiy coupled to the tubular support member that includes a first tubular 
5 sleeve that defines a slot for receiving and mating with the L-shaped retaining member 
of the split ring collar, a first counterbore receiving the first flange, and a third radial 
passage, a spring received within the first countert>ore, a retaining ring received within 
the first countertx>re, a load transfer pin coupled to the retaining ring and extending 
through the third radial passage, a second tubular sleeve coupled to the first load 

1 0 transfer pin that defines a first countert>ore for receiving the first tubular sleeve, a 
second counterbore for receiving and mating with the tapered flange, and includes a 
third flange that defines a third counterix>re for receiving the second flange, a fourth 
counterbore for receiving the second flange, and a fourth radial passage, and a 
resilient dog coupled to the second tubular sleeve and positioned adjacent to the 

15 tapered flange. Hrst and second packer cups are coupled to the tubular support 
meml)er between the resilient dog and the third flange. 

According to another aspect of the present invention, an adjustable expansion 
cone assembly is provided that includes a tubular support member that includes a 
tubular support body and an expansion cone support body coupled to the tubular 

20 support body. The expansion cone support body includes an Isl-sided tapered tubular 
support member, wherein each side of the multi-sided tapered tubular support member 
defines a T^haped sk)L N expansion corie segments are movabiy coupled, to the 
expansion cone support body, each including an expansion cone segment body 
including arcuate conical outer surfaces, a first T-shaped retaining member coupled to 

25 the expansion cone segment body for movabiy coupling the expansion cone segment 
body to a corresponding one of the T-shaped slots of the expansion cone support 
body, and a second T-shaped retaining member coupled to the expansion cone 
segment body. A split ring collar is movabiy coupled to the exterior of the tubular 
support member that includes a second tubular support body that defines N T-shaped 

30 slots for movabiy receiving corresponding ones of the second T-shaped retaining 
members of the expansion oone segments, and an L-shaped retaining member 
coupled to the second tubular support body. A tubular actuating sleeve is movabiy 
coupled to the tubular support member that includes a third tubular support body that 
defines a slot for receiving and mating with the L-shaped retaining member of the split 

35 ring collar. 
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According to another aspect of the present invention, an adjustable expansion 
cone assembly is provided that indudes a tubular support member that includes a first 
tubular support body, and an expansion cone support body coupled to the tubular 
support body. The expansion cone support body indudes a tapered tubular support 
5 member defining N stepped slots. An e)q)anslon cone assembly is movably coupled to 
the tubular support member that Includes a second tubular support body movably 
coupled to the first tubular support body defining an L-shaped slot and N expansion 
cone segments extending from the second tubular support member. Each expansion 
cone segment iridudes a resilient collet coupled to the second tubular support member, 

10 an expansbn cone segment body coupled to the resilient collet induding arcuate 
conical outer surfeces, and a retaining member coupled to the expansion cone 
segment body for movably coupling the expansion cone segment body to a 
conresponding one of the stepped slots of the expansion cone support body. A split 
ring ooliar is movably coupled to the exterior of the tubular support member that 

1 5 indudes a third tubular support body, a first L-shaped retaining member coupled to the 
third tubular support body for mating with the L-shaped slot of the second tubular 
support body of the expansion cone assembly, and a second L-shaped retaining 
nriember coupled to the third tubular body. A tubular actuating sleeve is movably 
coupled to the tubular si4)port member that indudes a ttiird tubular support body that 

20 defines a slot for receiving and mating with the second L-shaped retaining member of 
the split ring collar. 

According to another aspect of the present invention, an adjustable expansion 
cone assembly is provided that includes a tubular support member that Indudes a first 
tubular support body, and an expansion cone support body coupled to the tubular 

25 support body. The expansion cone support body indudes a tapered tubular support 
member defining N slots. An expansion cone assembly is movably coupled to the 
tubular support member that indudes a second tubular isupport body movably coupled 
to the first tubular support body defining an L-shaped slot, and N expansion cone 
segments extending from the second tubular support member. Each expansicKi cone 

30 segment indudes a resilient collet coupled to the second tubular support member, an 
expansion cone segment body coupled to the resilient collet induding arcuate conical 
outer surfaces, and a retaining member coupled to the expansion cone segment body 
for movably coupling the expansion cone segment body to a oorresponding one of the 
slots of the expansion cone support body. A split ring ooliar is movably coupled to the 

35 exterior of the tubular support member that indudes a third tubular support body, a first 
L-shaped retaining member coupled to the third tubular support body for mating with 
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the L-shaped slot of the second tubular support body, and a second L-shaped retaining 
member coupled to the third tubular support body. A tubular actuating sleeve is 
movs^ly coupled to the tubular support member that includes a third tubular support 
body that defines a slot for receiving and mating with the second L-shaped retaining 
5 member of the spfit ring collar. 

According to another aspect of the present invention, an adjustable expansion 
cone assertibly is provided that includes a tubular support member that includes a first 
tubular support body, and an expansion cone support body coupled to the tubular 
support body. The expansion cone support body includes a tapered tubular support 

10 member defining N slots. An expansion cone assembly is movably coupled to the 
tubular support member that includes a second tubular support body movably coupled 
to the frst tubular support body defining an L-shaped slot, N/2 first expansion cone 
segments extending from the second tubular support member, and N/2 second 
expansion cone segments extending from the second tubular member. Each first 

15 expansion cone segment includes a first resifient collet coupled to the second tubular 
support member, a first expansion cone segment body coupled to the resilient collet 
including arcuate conical outer surfaces, and a first retaining member coupled to the 
expansion cone segment body for movably coupBng the expansion cone segment body 
to a corresponding one of the slots of the expansion cone support body. Each second 

20 expansion cone segment Includes a second resilient collet coupled to the second 
tubular support member, a second expansion cone segment body coupled to the 
resilient collet including arcuate conical outer surfeces, and a second retaining member 
coupled to the expansion cone segment body for nK>vably coupling the expansion cone 
segment body to a corresponding one of the slots of the expansion cone support body. . 

25 The second expansion cone segments overlap and are interleaved with the first 

expansion cone segments. A split ring collar is movably coupled to the exterior of the 
tubular support member that includes a third tubular support body, a first L-shaped 
retaining member coupled to the third tubular support body for mating with L-shaped 
slot of the second tubular support body, and a second L-shaped retaining member 

30 ooupted to the third tubular support body. A tubular actuating sleeve is movably 

coupled to the tubular support member that includes a third tubular support body that 
defines a slot for receiving and mating with the second L-shaped retaining member of 
the split ring collar. 

According to another aspect of the present invention, an adjustable expansion 
35 cone assmtbly is provided that includes a tubular support nnember that includes a first 
tubular support body, and an expansion cone support body coupled to the first tubular 
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support body. The expansion cone support body includes an ^4-sided tapered tubular 
support member, wherein each side of the multi-sided tapered tubular support member 
defines a T-shaped slot M/2 first expansion cone segments are movably coupled to 
the expansion cone support body» each including a first expansion cone segment body 
5 including arcuate conical outer surfaces, a first T-shaped retaining member coupled to 
the first expansion cone segment body for movably coupling the first expansion cone 
segment body to a corresponding one of the T-shaped slots of the expar^ion cone 
support body, and a second T-shaped retaining member coupled to the first expansion 
cone segment body. N/2 second expansion cone segments are also movably coupled 

10 to the expansion cone support body, each including a second expansion cone segment 
body including arcuate conical outer surfaces, a third T-shaped retaining member 
coupled to the second expansion cone segment body for nrK>vably coupling the second 
expansion cone segment body to a corresponding one of the T-shaped slots of the 
expansion cone support body, and a fourth T-shaped retaining member coupled to the 

1 5 expansion cone segment body. The first and second expansion cone segments are 
interleaved. The first expansion cone segment bodies are complementary shaped with 
respect to the second expansion cone segment bodies. A split ring collar assembly is 
movably coupled to the exterior of the tubular support member that includes a second 
tubular support body that defines N T-shaped slots for movably receiving 

20 corresponding ones of the second and fourth T-shaped retaining members of the 
interleaved first and second expansion cone segments, and an L-shaped retaining 
member coupled to the second tubular support body. A tubular actuating sleeve 
movably coupled to the tubular support memt>er that includes a third tubular support 
body that defines a slot for receiving and mating with the L-shaped retaining member of 

25 the split ring collar. 

According to another aspect of the present invention, an apparatus for radially 
expanding a tubular member is provided that includes a tubular support member that 
includes a first tubular support body defining a longitudinal passage, a first lug coupled 
to and extending from the first tubular support body in the radial direction, and a 

30 secorKJ lug coupled to and extending from the first tubular support body in the radial 
direction. An adjustable expansion cone assembly is movably coupled to the tubular 
support member. A first drag block assembly is movably coupled to the tubular support 
member that includes a first drag block body coupled to the adjustable expanston oone 
assembly that defines: a first J-shaped stot for receiving the first lug, and one or more 

35 first drag btodks coupled to the first drag block body. A second drag block assembly is 
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movably coupled to the tubular support member that includes a second drag block 
body that defines: a second J-shaped slot for receiving the second lug, and 
one or more second drag blocks coupled to the second drag btock body. First and 
second packer cups are coupled to the tubular support member between the first and 
5 second drag btock assembUes. 

According to another aspect of the present inventton, an apparati^ for radially 
expanding a tubular member is provided that includes a tubular support member that 
includes a first tubular support body defining a longitudinal passage, a first flange 
coupled to the first tubular support body, a second flange coupled to the first tubular 

10 support body, a first tapered flange coupled to the first tubular support body, and a 
second tapered flange coupled to the first tubular support body. An adjustable 
expansion cone assembly is movably coupled to the tubular support member. A first 
collet assembly is movably coupled to the tubular support membor that includes a first 
tubular sleeve coupled to the adjustable expanston cone assernbly and defines a first 

1 5 oounterbore for receiving the first fiange, and a first radial passage, a first spring 
received within the first oounterbore, a first retaining ring received within the first 
oounterbore, a first load transfer pin coupled to the first rstsdning ring and extending 
through the first radial passage, a second tubular sleeve coupled to the first k>ad 
transfer pin, a first resilient collet coupled to the second tubular sleeve and positioned 

20 above the first tapered flange, and a third tubular sleeve coupled to the first resilient 
collet. A second oollet assembly is movably coupled to the tubular support memfc)er 
that includes a fourth tubular sleeve that defines: a second counterbore for receiving 
the second flange, and a second radial passage, a second spring received within the 
second counterbore, a second retaining ring received within the second count6rtx>re, a 

25 second toad transfer pin coupled to the second retaining ring and extending through 
the second radial passage, a fifth tubular sleeve coupled to the second load transfer 
pin, a second resilient collet coupled to the fifth tubular sleeve and positioned above 
the second tapered fiange, and a sixth tubular sleeve coupled to the secorKl resilient 
collet Rrst and second packer cups are coupled to the tubular support member 

30 between the first and second oollet assembfies. 

According to another aspect of the present invention, an apparatus for radially 
expanding a tubular member is provMed that includes a tubular support member that 
includes a first tubular support body defining a longitudinal passage, a first radial 
passage defined in the first tubular support body fiuididy coupled to the tongitudinal 

35 passage, a first flange coupled to the first tubular support body, a second flange 
coupled to the first tubular support body, a first tapered fiange coupled to the first 
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tubular support body, and a second tapered flange ooupted to the first tubular support 
body. An adjustable expansion cone assembly is movably coupled to the tubular 
support member. A first dog assembly is movably coupled to the tubular support 
member that includes a first tubular sleeve coupled to the adjustable expansion cone 
5 assembly that defines: a first counterbore for receiving the first flange, and a second 
radial passage, a first spring received within the first counterbore. a first retaining ring 
received within the first counterbore, a first load transfer pin coupled to the first 
retaining ring and extending through the second radial passage, a second tubular 
sleeve coupled to the first load transfer pin that defines: a second countertK)re for 

10 receiving the first tubular sleeve, a frst resilient dog coupled to the second tubular 
sleeve and positioned adjacent to the first tapered flange. A second dog assembly is 
movably coupled to the tubular support member that includes a third tubular sleeve that 
defines a second countertx>re for receiving the second flange; 
a third radial passage, and a fourth radial passage fluidicly coupled to the first radial 

1 5 passage, a second spring received within the second countert)ore, a second retaining 
ring received within the second counterbore. a second load transfer pin coupled to the 
second retaining ring and extending through the third radial passage, a fourth tubular 
sleeve coupled to the second load transfer pin, a second resilient dog coupled to the 
fourth tubular sleeve and positioned adjacent to the second tapered flange. Rrst and 

20 second packer cups are coupled to the tubular support member between the first and 
second dog assemblies. 

According to another aspect of the present invention, an apparatus for radially 
expanding a tubular member is provided that includes a tubular support member that 
includes a first tubular support body defining a longitudinal passage including a throat 

25 passage, a first radial passage defined in the first tubular support body fluididy coupled 
to the longitudinal passage, a first flange coupled to the first tubular support body, and 
a second flange coupled to the first tubular support body that defines: a second radial 
passage defined in the second flange fluidicly coupled to the longitudinal passage. An 
adjustable expansion cone assembly is movably coupled to the tubular support 

30 member. A dog assembly is movably coupled to the tubular support member that 

includes a first tubular sleeve ooi4>led to the adjustable expansion cone assembly that 
defines a first counterbore for receiving the first flange, and a third radial passage, a 
spring received within the first countertx^re. a retaining ring received within the first 
countert>ore. a load transfer pin coupled to the retaining ring and extending through the 

35 third radial passage, a second tubular sleeve coupled to the first load transfer pin that 
defines: a first oountertxm for receiving the first tubular sleeve, a second oountert>ore 
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for receiving and mating with the tapped flange, and includes a third flange that 
defines a third countertxm for receiving the second flange, a fourth countertx}re for 
receiving ttie second flange, and a fourth radial passage, and a resilient dog coupled to 
the second tubidar sleeve and positioned adjacent to the tapered flange. First and 

5 second packer cups are coupled to the tubular support mennt)er between the resilient 
dog and the third flange. 

According to another aspect of the present invention, an apparatus for radially 
expanding a tubular member is provided that includes a tubular support member, an 
adjustable expansion cone assembly movably coupled to the tubular support member, 

10 and means for adjusting the adjustable expansion cone assembly. 

According to another aspect of the present invention, an adjustable expanston 
cone assembly is provided that includes a tubular support member. An adjustable 
expansion cone is movaUy coupled to the tubular support member that includes a 
plurality of expansion cone segments, and means for guiding the expansion cone 

15 segments on the tubular support member. The assembly further includes means for 
adjusting the adjustable expanston cone. 

According to another aspect of the present invention, a nnethod of operating an 
adjustable expanston cone assemt>ly including a plurality of expansion cone segments 
is provided that Includes guiding the expanston cone segments on a tapered body, and 

20 oontrollably displacing the expansion cone segments along the tapered body. 

According to another aspect of the present invention, a method of operating an 
adjustable expanston cone assembly including a plurality of expansion cone segments 
is provided that includes guiding the expanston cone segments on a multi-sided 
tapered body, interlocking the expanston cone segments, and controllably displacing 

25 the expansion cone segments atong the tapered body. 

According to another aspect of the present invention, a method of operating an 
adjustat)le expansion cone assembly including a plurality of expansion cone segments 
is provided that includes resttiently gutoing the expansion cone segments on a multi- 
sided tapered body, guMing each of the expansion cone segments on opposite sides In 

30 the circumferential directton, interlocking the expansion cone segments, and 
controllably displacing the expansion cone segments along the tapered body. 

According to another aspect of the present inventton, a method of operating an 
adjustable expansion cone assembly including a plurality of expansion cone segments 
is provided that includes dividing the expansion cone segments into first and second 

35 groups of expanston cone segments. Interleaving the first and second groups of 

expansion cone segments, overlapping the first and second groups of expanston cone 
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segments, resiiiently guiding the expansion cone segments on a multi-sided tapered 
body, guiding each of the expansion cone segments on opposite sides in the 
drcumferentia! dire^on, and oontrollably displadng the expansion cone segments 
along the tapered body. 
5 According to another aspect of the present invention, a method of operating an 

adjustable expansion cone assembly including a plurality of expansion cone segments 
is provided that includes dividing the expansion cone segments Into first and second 
groups of expansion cone segments, interieaving the first and second groups of 
expansion cone segments, guiding the expansion cone segments on a multi-sided 

10 tapered txxly, and oontrollably displadng the expansion cone segments along the 
tapered body while also relatively displadng the first and second groups of expansion 
cone segments in opposite directions. 

According to another aspect of the present invention, a method of plastically 
deforming and radially expanding an expandable tubular member using an apparatus 

15 induding a tubular support nnember, an adjustable expansion cone assembly movably 
coupled to the tubular support member, and an actuator movably coupled to the tubular 
support member for adjusting the adjustable expansion cone assembly, is provided that 
indudes coupling a first end of the expandable tubular member to a tubular structure, 
locking the actuator to the tubular support member of the apparatus, inserting the 

20 apparatus into the first end of the expandable tubular member, moving the actuator and 
the adjustable expansion cone assembly of the apparatus out of the second end of the 
expandable tubular member, reinserting the actuator of the apparatus into the second 
end of the expandable tubular member, unlocking the actuator from the tubular support 
member of the apparatus, rotating the aduator relative to the tubular support member 

25 of the apparatus, and inaeasing the outskie diameter of the adjustable expansion cone 
assembly by moving the tubular support member relative to the actuator, the adjustable 
expansion cone assembly and the expandable tubular member, and plastically 
deforming and radially expanding the expandable tubular member by moving the 
adjustable expansion cone assembly through the expandable tubular member. 

30 According to another asped of the present invention, a method of plastically 

defonning and radially expanding an expandable tubular member using an apparatus 
induding a tubular support member, an adjustable expansion cone assembly movably 
coupled to the tubular support member, and an actuator movabty coupled to the tubular 
support member for adjusting the adjustable expansion cone assembly, is provided that 

35 indudes coupGng a first end of the expandable tubular nnember to a tobular stnidure, 
inserting the apparatus into the first end of the expandable tobular member in a first 
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direction, displacing the actuator of the apparatus in a second direction opposite to the 
first direction, applying a resilient biasing force to the adjustable expansion cone 
assemtbly in the second direction, nioving the actuator and the adjustable expansion 
cone assembly of the apparati^ out of the second end of the expandable tubular 
5 member, reinserting the actuator of the apparatus into the second end of the 

expandable tubular number in the second direction, incre^ing the outside diameter of 
the adjustable expansion cone assembly by displacing the actuator and the adji^table 
expansion cone assembly relative to the expandable tubular member in the first 
direction, and plastically deforming and radially expanding the expandable tubular 

10 member by moving the adjustable expansion cone assembly through the expandable 
tubular member in the second direction. 

According to another aspect of the present invention, an adjustable expansion 
cone Ksembly is provided that includes a plurality of expansion cone segments, 
mearis for guiding the expansion cone segments on a tapered body, and means for 

15 controilably displacing the expansion cone segments along the tapered body. 

According to another aspect of the present invention, an adjustable expansion 
cone assembly is provided that includes a plurality of expansion cone segments, 
means for guiding the expansion cone segments on a multi-sided tapered body, means 
for Intertoddng the expansion cone segments, and means for controilably displacing 

20 the expansion cone segments along the tapered body. 

According to another aspect of the present invention, an adjustable expansion 
cone assembly is provided that includes a plurality of expansion cone segments, 
means for resiliently guiding the expansion cone segments on a multi-sided tapered 
body, means for guiding each of the expansion cone segments on opposite sides in the 

25 drcumfarential direction, means for interloclcing the expansion cone segments, and 
means for controilably displacing the expansion cone segments along the tapered 
body. 

According to another aspect of the present invention, an adjustable expansion 
cone assembly is provided that includes a plurality of expansion cone segments. 

30 means for dividing the expansion cone segments into first and second groups of 
expansion cone segments, means for interleaving the first and second groups of 
expansion cone segments, means for overlapping the first and second groups of 
expansion cone segments, means for resiliently guiding the expansion cone segments 
on a multi-sided tapered body, means for guiding each of the expansion cone 

35 segments on opposite sides in the circumferential direction, and means for controilably 
displacing the expansion oone segments along the tapered body. 
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According to another aspect of the present inventim, an srdjustable expansion 
cone assembly is provided that Hfidudes a plurality of expansion cone segments, 
means for dividing the expansion cone segments into first and second groups of 
expansion cone segments, means for interleaving the first and second groups of 
5 exparelon cone segments, means for guiding the expansion cone segments on a multi- 
sided tapered body, and means for cmtrollabty displadng the expansion cone 
segments along the tapered body while also relatively displacing the first and second 
groups of expansion cone segments in opposite directions. 

According to another aspect of the present invention, an apparatus for 
1 0 plastically defomiing and radially expanding an expandable tubular member is provided 
that includes a tubular support member, an adjustable expansion cone assembly 
movably coupled to the tubular support men^r, means for actuating the adjustable 
expansion cone assembly, means for locking the actuator to the tubular support 
member of the apparatus, means for unlod^ing the actuator from the tubular support 
1 5 member of the apparatus, and means for increasing the outside diameter of the 

adjustable expanslori cone assemt)ly by moving the tubular support member relative to 
the actuator, the adjustable expansion cone assembly, and the expandable tubular 
memt)er. . 

According to another aspect of the present invention, an apparatus for 

20 plastically defomning and radially expanding an expandable tubular member is provided 
that includes a tubular support member, an adjustable expansion cone assembly 
movably coupled to the tubular support member, means for actuating the adjustable 
expansion cone assembly, means for displacing the actuator of the apparatus In a first 
direction, means for applying a resilient biasing force to the adjustable expansion cone 

25 assembly when the actuator is displaced in the first direction, and means for increasing 
the outside dianieter of the adjustable expansion cone assembly by displacing the 
actuator and the adjustable expansion cone assembly relative to the expandable 
tubular member in a second direction opposite to the first direction. 

Brief Description of the Drawings 

30 Figs. 1 and 1 a-1d are fragmentary ooss-sectional views of an embodiment of 

the placement of an apparatus for radially expanding a tubular member within a tubular 
member within a borehole within a subterranean fomiation. 

Rg. 1e is a cross-sectionai view of an embodiment of the expansion cone 
support body of the apparatus of Figs. 1 and la-Id. 

35 Rg. If Is a cross-sectional view of the expansion oone support body of Fig. 1e. 
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Fig. 1g is a side view of an embodiment of an expansion oone segment for use 
in the apparatus of Figs. 1 and 1a-1d. 

Fig. 1 h is a front view of the expansion oone segment of Rg. 1g. 

Fig. 1 i is a top view of the expansion oone segment of Fig. 1g. 
5 Rg. 1j is a top view of an embodiment of interlodctng expansion oone segments 

for use in the apparatus of Figs. 1 and la-Id. 

Rg. 1l( is a top fragmentary circumferential view of an embodiment of the 
coupling arrangement between the expansion cone segments and the split ring collar 
for use in the apparatus of Figs. 1 and 1a-1d. 
1 0 Figs. 1 1 and 1 m are top schematic views of an erTA)odiment of the coupling 

between the J-slots of the drag blod<s and the lugs of the tubular support member of 
the apparatus of Figs. 1 and 1a-1d. 

Rgs. 2 and 2a-2d are fragmentary cross-sectional illustrations of the apparatus 
Qf Figs. 1 and la-Id during the radial expansion of the tubular member vrithin the 
1 5 borehole within the subterranean fonnation. 

Rgs. 2e and 2f are illustrations of an embodiment of the J-slots of the drag 
blodcs and the lugs of the tubular support member of the apparatus of Figs. 2 and 2a* 
2d. 

Figs. 2g and 2h are illustrations of an alternative embodiment of the J-slots of 
20 the drag blocks and the lugs of the tubular support member of the apparatus of Figs. 2 
and 2a*2d. 

Figs. 3 and 3a-3c are fragmentary cross-secUonal illustrations of an 
embodiment of the placement of an apparatus for radially expanding a tubular member 
within a wellbore casing within a subterranean formation. 
25 Fig. 3d is a cross-sectional view of an emtxxliment of the expansion oone 

support body of the apparatus of Figs. 3 and 3a-3c. 

Fig. 3e te a cross-sectional view of the expansion cone support body of Rg. 3d. 

Fig. 3f is a side view of an embodiment of an expansion cone segment for use 
in the apparatus of Figs. 3 and 3a-3c. 
30 Fig. 3g is a front view of the expansion oone segment of Fig. 3f . 

Fig. 3h is a top view of the expar^ion cone segment of Rg. 3f. 

Fig. 3i is a top view of an embodiment of intertoddng expansion cone segments 
for use in the apparatus of Figs. 3 and 3a-3c. 

Fig. 3j is a top fragmentary drcunrferential view of an embodiment of the 
35 coupling arrangement between the expansion cone segments and the split ring collar 
for use in the apparatus of Figs. 3 and 3a-3c. 
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Rgs. 4 and 4a-4d are fragmentary cross-sectional illustrations of an 
embodiment of the placemmt of the apparatie of Figs. 3 and 3a-3c including an 
expandable tubular member within an expandable tubular member within a 
subterranean fonmation. 
5 Rgs. 5 and 5a-5d are fragmentary cross-sectionai illustrations of an 

embodiment of the operation of the apparatus of Rgs. 4 and 4a-4d during the radial 
expansion of the expandable tubular member within the borehole within the 
subterranean formation. 

Rgs. 6 and 6a-6d are fragmentary cross-sectional illustrations of an 
1 0 embodiment of the placement of an apparatus for radially expanding a tubular member 
within a borehole within a subterranean formation. 

Rg. 6e Is a cross-sectional view of an embodiment of the expansion cone 
support body of the apparatus of Rgs. 6 and 6a-6d. 

Fig. 6f is a cross-sectional view of the expansion cone support body of Fig. 6e. 
15 Fig. 6g is a side view of an embodiment of an expansion cone segment for use 

in the apparatus of Figs. 6 and 6a-6d. 

Fig. 6h is a front view of the expansion cone segment of Fig. 6g. 

Fig. 61 is a top view of the expansion cone segment of Rg. 6g. 

Fig. 6j is a top view of an embodiment of interlocking expansion cone segments 
20 for use in the apparatus of Figs. 6 and 6a-6d. 

Fig. 6k is a top fragmentary drcunrferential view of an embodiment of the 
coupling anangement between the expansion cone segments and the split ring collar 
for use in the apparatus of Figs. 6 and 6a-6d. 

Figs. 7 and 7a-7d are fragmentary cross-secttonal illustrations of an 
25 embodiment of the placement of the apparatus of Figs. 6 and 6a-6d including an 
expandable tubular number within a borehole within a subterranean formation. 

Figs. 8 and 8a-8d are fragmentary ooss-sedional illustrations of an 
embodiment of the operatfen of the apparatus of Figs. 7 and 7a-7d during the radial 
expanston of the expandable tubular member within a borehole within a subterranean 
30 formatton. 

Rg. 9 is a fragmentary cross sectional illustration of an embodiment of an 
expansion cone assembly in an unexpended position. 

Rg. 9a is a cross sectional illustratton of the expansion cone assembly of Fig. 9. 
Rg. 10 is a firagmentary cross sectional illustration of the expanston cone 
35 assembly of Rg. 9 in an expanded position. 
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Hg. 10a is a cross sectional illustration of the expansion cone assembly of Fig. 

10. 

Rg. 1 1 is a fragmentary cross sectional illustration of an embodiment of an 
expansion cone assembly In an unexpanded position. 

Rg. 1 la is a cross sectional illustration of the expansion cone assembly of Rg. 

11. 

Rg. 12 is a fragmentary cross sectional illustration of the expansion cone 
assembly of Rg. 1 1 in an expanded position. 

Fig. 12a is a cross sectional illustration of the expansion cone assembly of Rg. 

12. 

Fig. 13 is a fragmentary cross sectional illustration of an embodiment of an 
expansion cone assembly in an unexpanded position. 

Rg. 13a is a cross sectional illustration of the expansion cone assembly of Fig. 

13. 

Fig. 13b is a fragmentary top ctrcunrrferential illustration of the expansion cone 
segment assembly of Rg. 13 that illustrates the interleaved sets of coiiets. 

Fig. 13c is a fragmentary cross sectional illustration of the interleaved collets of 
Rg. 13b. 

Fig. 14 is a fragmentary cross sectional illustration of the expansion cone 
assen^ly of F^. 13 in an expanded position. 

Rg. 14a is a cross sectional illustration of the expansion cone assembly of Rg. 

14. 

Rgs. 15 and 15a-15c are fragmentary cross-sectional illustrations of an 
embodiment of the placernent of an apparatus for radially expanding a tubular member 
within a borehole within a subterranean formation. 

Fig. 15d is a cross-secUonal view of an embodiment of the expansion cone 
support body of the apparatus of Figs. 1 5 and I5a-1 5c. 

Fig. ISe is a cross-sectional view of the expansion cone support body of Rg. 

15d. 

Fig. 15f is a side view of an embodiment of an expansion cone segment for use 
in the apparatus of Rgs. 15 and 15a-15c. 

Fig. 15g is a front view of the expansion cone segment of Fig. 15f. 

Fig. 15h is a top view of the expansion cone segment of Fig. 1 5f. 

Fig. 1 Si is a top view of an embodiment of intertockirig expansion cone 
segments for use h the apparatus of Figs. 15 and 15a-15a 
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Fig. 15] is a top fragmentary drcumferential view of an embodiment of the 
coupling arrangement tietween the expansion cone segments and the split ring collar 
for use in the apparatus of Figs. 15 and ISa-ISc. 

Figs. 16 and 16a-16c are fragmentary cross-sectional illustrations of an 
5 emtxxJiment of the placement of the apparatus of Figs. 15 and 15a-15j including an 
expandable tubular member within a borehole within a subterranean fomiation. 

Figs. 1 7 and 1 7a-1 7c are fragmentary cross-sectional illustrations of an 
embodiment of the operation of the apparatus of Rgs. 16 and 16a-16c during the radial 
expansion of the expandable tubular member within a borehole within a subterranean 
10 fonnatlon. 

Fig. 18a is a cross sectional illustration of an embodiment of a segmented 
expansion cone assembly in an unexpended position. 

Fig. 18b is a fragmentary circumferential top illustration of the expansion cone 
and split ring collar of Fig. 1 8a. 
1 5 Fig. 1 8c is a fragmentary cross-sectional illustration of the expansion cone 

support flange of the expansion cone assembly of Fig. 18a. 

Fig. 18d is a cross-sectional illustration of the expansion cone support flange of 
Fig- 18c. 

Fig. 19a Is a cross sectional illustration of an embodiment of the segmented 
20 expansion cone assembly of Fig. 18a in an expanded position. 

Fig. 19b is a fragmentary circumferential top view of the expansion cone of Fig. 

19a. 

Rgs. 20a-20m are top circumferential views of various alternative embodiments 
of interiocking expansion cone segment geometries. 
25 Detailed Description of the tllustrative Embodiments 

Referring initially to Figs. 1 and la-Id, an embodiment of an apparatus and 
method for radially expanding a tubular member wHI now be described. As illustrated in 
Figs. 1 and la-Id. a wellbore 100 is positioned In a subten^nean fonnation 105. In an 
exemplary embodiment, the wellbore 100 may include a pre-existing cased section 
30 110. The wellbore 100 may be positioned in any orientation from vertical to horizontal. 

In order to extend the wellbore 100 into the subterranean fonmation 105, a drill 
string is used in a well Icnown manner to drill out material from the subten^nean 
formation 105 to form a new wellbore section 115. In a preferred embodiment, the 
inside diameter of the new wellbore section 115 is greater than or equal to the inside 
35 diameter of the preexisting wellbore casing 1 10. 
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A tubular member 120 defining a passage 120a may then be positioned within 
the weflbore section 1 1 5 with the upper end 1 20b of the tubular member coupled to the 
wellbore casing 1 10 and the lower end 120c of the tubular member extending into the 
weilbore section. The tubular member 120 may be positioned vwthin the wellborB 
section 1 1 5 and coupled to the wellbore casing 1 10 In a conventional manner. In a 
prefened embodiment, the tubular member 120 is positioned within the wellbore 
section 1 15 and coupled to the wellbore casing 1 10 using one or more of the methods 
and apparatus disclosed in one or more of the following: (1) U.S. patent application 
serial no. 09/454.139. attonney docket no. 25791.03.02, filed on 12/3/1999. (2) U.S. 
patent application serial no. 09/510,913, attorney docket no. 25791.7.02. filed on 
2/23/2000, (3) U.S. patent applicatton serial no. 09/502,350. attorney docket no. 
25791.8.02. filed on 2/10/2000. (4) U.S. patent application serial no. 09/440.338. 
attorney docket no. 25791.9.02. filed on 1 1/15/1999. (5) U.S. patent application serial 
no. 09/523.460, attorney docket no. 25791.1 1 .02. filed on 3/10/2000. (6) U.S. patent 
application serial no. 09/512.895. attorney docket no. 25791.12;02. filed on 2/24/2000. 
(7) U.S. patent application serial na 09/511.941. attorney docket no. 25791.16.02. filed 
on 2/24/2000. (8) U.S. patent applkation serial no. 09/588.946. attorney docket no. 
25791.17.02. filed on 6/7/2000, (9) U.S. patent application serial no. 09/559.122. 
attorney docket no. 25791 .23.02. filed on 4/26/2000. (10) PCT patent appiicatton serial 
no. PCT/USOO/18635. attorney docket no. 25791.25.02. filed on 7/9/2000. (1 1) U.S. 
provisional patent application serial no. 60/162.671 . attorney docket no. 25791.27. filed 
on 1 1/1/1999. (12) U.S. provisfonal patent applk:atlon serial no. 60/154.047. attorney 
docket no. 25791.29. filed on 9/16/1999. (13) U.S. provisional patent appficatnn serial 
no. 60/159.082. attorney docket no. 25791.34. filed on 10/12/1999. (14) U.S. 
provistonal patent applicatton serial no. 60/159.039. attomey docket no. 25791 .36, filed 
on 10/12/1999, (15) U.S. provisional patent application serial no. 60/159.033. attomey 
docket no. 25791.37. filed on 10/12/1999, (16) U.S. provisional patent application serial 
no. 60/212,359, attomey docket no. 25791.38, filed on 6/19/2000. (17) U.S. provisional 
patent appHcatkm serial no. 60/165.228. attomey docket no. 25791.39. filed on 
11/12/1999. (18) U.S. proviskMial patent application serial no. 60/221.443. attomey 
docket na 25791.45. filed on 7/28C000. (19) U.S. provisional patent applicatton serial 
no. 60/221.645. attomey docket no. 25791.46. filed on 7/28/2000. (20) U.S. provisional 
patent application serial no. 60/233.638. attorney docket no. 25791 .47. filed on 
9/18/2000. (21) U.S. provistonal patent application serial no. 60/237.334. attomey 
docket no. 25791.48. filed on 10/2C0OO. (22) U.S. provistonal patent application serial 
no. 60^0.007. attomey docket no. 25791 .50. filed on 2/20/2001; and (23) U.S. 
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provisional patent application serial no. 60/262.434, attorney docket no. 25791.51 , filed 
on 1/17/2001; and (24) U.S. provisional patent application serial no. 60/259.486» 
attorney docket no. 25791 .52rfyed on 1/3/2001, the disclosures of which are 
incorporated herein by reference. 
5 As illustrated in Figs. 1 and la-Id, an apparatus 200 for radially expanding a 

tubular member may then be positioned in the new section 1 1 5 of the wellbore 1 00 
within the hjbular member 120. The apparatus 200 includes a tubular support member 
205 deTining an internal passage 205a that is coupled to an end of a tubular coupling 
210 defining an internal passage 21 (to. The other end of the tubular coupling 210 is 

10 coupled to an end of a tubular support member 215 defining an internal passage 215a 
that includes a first lug 215b. a radial passage 215c. a first flange 215d, a second 
flange 21 5e, a second lug 21 5f. and an expansion cone support body 21 5g. The other 
end of the tubular support member 215 is coupled to a tubular end stop 220 that 
defines a passage 220a. 

15 As illustrated in Figs. 1e and If. the expansion oone support body 21 5g 

includes a first end 215ga. a tapered hexagonal portion 215gb that includes a plurality 
of T^haped stots 215gba provided on each of the extennal faceted surfeoes of the 
tapered hexagonal portion, and a second end 215gc. In an exemplary embodiment, 
the angle of attack of the tapered hexagonal portion ranges finom about 35 to 50 

20 degrees for reasons to be described. 

As illustrated in Figs. 1, la-Id, 1g, 1h, and II, a plurality of expansion cone 
segments 225 are provided that include first ends 225a that include T-shaped retaining 
members 225aa and second ends 225b that include T-shaped retaining members 
225ba that mate with and are received within corresponding T-shaped slots 215gba on 

25 the tapered hexagonal portion 21 5gb of the expansion cone support body 21 5g. first 
extemal surfaces 225bb. second extemal surfaces 225bc. and tNrd external surfaces 
225bd. Thus, in an exemplary embodiment a total of sbc expansion cone segments 
225 are provkled that are slidably coupled to corresponding sides of the tapered 
hexagonal portion 215gb of the expansbn cone support body. 

30 In an exemplary embodiment, the widths of the first extemal surfaces 225bb of 

the expansion oone segments 225 increase in the direction of the second exiennal 
surfeces 225bc the widths of the second extemal surfaces are substantially constant, 
and the widths of the thlnl extemal surfaces 225bd decrease in the directton of the first 
ends 225a of the expansion cone segments for reasons to be descnl>ed. In an 

35 exemplary embodiment, the f^t extemal surfaces 225bb of the expansion cone 

segments 225 taper upwardly in the direction of the second extemal surfaces 225bc 
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the second external surfaces taper upwardly in the direction of the third external 
surfaces 225t)d. and the third external surfeces 225t)d taper downwardly in the 
direction of the first ends 225a of the expansion cone segnnents for reasons to be 
described. In an exemplary embodiment, the angle of attack of the taper of the first 
5 external surfaces 225bb of the expansion cone segments 225 are greater than the 
angle of attack of the taper of the second external surfaces 225ba In an exemplary 
embodiment, the first and second external surfaces. 225bb and 225bc, of the 
expansion cone segments 225 are arcuate such that when the expansion cone 
segments 225 are displaced in the direction of the end stop 220. the first and second 

10 external surfaces of the expansion cone segments provide a substantially continuous 
outer circumferential surbce for reasons to be described. 

As illustrated in Rg. 1j, in an exemplary embodiment, the external surfaces, 
225bb, 225bc, and 225bd, of the second ends 225b of tiie expansion cone segments 
225 are adapted to mate with one anottier in order to interlock adjacent expansion 

15 cone segments. 

As aiustratad in Figs. 1. 1a-1d, and 1k. a split ring collar 230 that defines a 
passage 230a for receiving the tubular support member 21 5 is provided that includes a 
first end that Includes plurality of T-shaped slots 230b for receiving and nriatir^ with 
corresponding T-shaped retaining members 225aa of the expansion cone segments 

20 225 and a second end that includes an L-shaped retaining member 230a In an 
exemplary embodiment, the split ring collar 230 is a conventional split ring coliar 
commerdaily available from HaiBburton Energy Services modified in accordance with 
ttie teachings of the present disclosure. 

As illustrated in Rgs. 1, 1a-1d, and 1m, a drag block assembly 235 that defines 

25 a passage 235a for receiving the tubular support member 21 5 is provided that includes 
a first end Uiat includes an L-shaped slot 23Sb for receiving and mating v^th the L- 
shaped retaining member 230c of the split ring collar 230. one or more conventional 
drag block elements 235c, and a J-shaped slot 235d induding a retaining slot 235da 
for receiving the second lug 215f of the tubular support member 215. In an exemplary 

30 embodiment, the longitudinal axis of the J-shaped slot 235d of the drag btock assembly 
235 is substantially parallel to ttte tongitudinal axis of the tubular support member 215 
for reasons to be described. 

A first conventional packer cup assembly 240 that defines a passage 240a for 
receiving the tubular support member 215 includes a first erxl 240b that mates with the 

35 second flange 21 5e of the tubular support member, a conventional sealing cup 240c, 
and a second end 240d. A tubular spaoer 245 that defines a passage 245a for 
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receiving the tubular support rnember 215 includes a first end 245b that mates with the 
second end 240c of the first packer cup assembly 240 and a second end 245a A 
second conventional packer cup assembly 250 that defines a passage 250a for 
receiving the tubular support member 215 includes a first end 250b that mates with the 
5 second end 245c of the spacer 245, a conventional sealing cup 250c and a second 
end 250d that mates vWth the first flange 21 5d of the tubular support member. 

As illustrated in Figs. 1, 1a-1d, and 11, a drag bkx:k assembly 255 that defines a 
passage 255a for receiving the tubular support member 215 is provided that includes a 
first end that includes sealing members, 25Sb and 255c one or more conventional drag 

10 block elements 255d, and a J-shaped sk)t 255e including a retaining slot 255ea for 
receiving the first lug 215b of the tubular support member 215. In an exemplary 
embodiment, the longitudinal axis of the J-shaped slot 255e of the drag btock assembly 
255 is substantially parallel to the longitudinal axis of the tubular support member 21 5 
for reasons to be described. 

15 In an exemplary embodiment, during operation of the apparatus 200, as 

illustrated in Figs. 1 and la-lm. the apparatus may be posittoned in the wellbore 115, 
within the tubular merhber 120, with the first and second lugs, 215b and 21Sf, 
respectively, positioned within the retaining slots, 255ea and 235da, respectively, of the 
J-slots. 255e and 235da, respectively, of the drag block assembly 255 and 235. 

20 respectively, in this manner, the drag block assembly 235 is maintained in a . 
substantially stationary positipn relative to the tubular support member 215 thereby 
preventing the expanston cone segments 225 from being dis(daoed downwardly in the 
longitudinal directton relative to the tubular support member 215 towards the end stop 
220. Furthemiore, in this manner, the drag block assembly 255 is also maintained in a 

25 substantially stattonary position relative to the tubular support member 215 thereby 
preventing the drag block assembly from sealing off the radial passage 215c. In an 
exemplary embodiment, during the placement of the apparatus 200 within the wellbore 
115 and the tubular member 120, the radial passage 215c permits fluidic materials 
outsMe of the tubular support member 215 to pass into the passage 215a thereby 

30 minimizing overpressure conditions within the annulus outside of the tubular support 
member. 

In an exemplary embodiment, the apparatus 200 is positioned within the 
expandable tubular member 120 such that the expansion cone body 215g, the end 
stop 220, and the expansion cone segments 225 extend out of the expandable tubular 
35 member. In this nnanner, the expanston cone segments 225 may be driven up the 
tapered hexagonal portion 215gb of the exparision cone body 21 5g, thereby increasing 
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the outside diameters ci the expansion cone segments, without impacting the 
expandable tubular member 120. 

The tubular support member 215 may then be rotated relative to the drag block 
assemblies, 235 and 255. thereby displacing the lugs, 215f and 215b, with respect to 
5 the J*shaped slots, 236d and 255e, respectively. The tubular support member 215 
nray then be displaced upwardly relative to the drag block assemblies, 235 and 255. In 
the longitudinal direction thereby displacing the drag block assemblies downwardly 
relative to the tubular support member. During the longitudinal upward displacement of 
the tubular support member 215 relative to the drag bk)ck assemblies, 235 and 255, 

10 the drag block assemblies, 235 and 255, are maintained in a substantially stationary 
position with respect to the expandable tubular member 120 by the frictional forces 
exerted by the drag blocks, 235c and 255d, of tte drag block assemblies on the 
expandable tubular member, and during the upward tongitudlnal displacement of the 
tubular support mendt)er 215 relative to the drag block assemblies, the tugs, 21 5f and 

15 21 5b, are guided in a substantially tongitudinal direction by the J-sk>ls, 23Sd and 255e, 
respectively, of the drag block assemblies. 

The downward tongitudinal displacement of the drag btock assembly 235 
relative to the tubular support member 215 displaces the split ring collar 230 
downwardly along with the expansion cone segments 225. As a result, the expansion 

20 cone segments 225 are driven up the tapered hexagonal portion 215gb of the 

expanston cone support body 21 5g until the end faces of the expanston oone segments 
impact the stop member 220. As a result, the outside diameter of the expansion oone 
segments 225 increases. In an exemplary embodiment, once the expansion cone 
segments 225 impact the stop member 220, the outer surfaces, 225bb and 225bc, of 

25 the expansion cone segnients provide a substantially continuous outer surface in the 
circumferential direction having a diameter that b greater than the inside diameter of 
the expandable tubular member 120. The downward longitudinal displacement of the 
drag block assembly 255 relative to the tubular support member 215 seals off the radial 
passage 215c thereby preventing the pressurized fluklic material 275 from entering the 

30 annulus surrounding the tubular support member 215 through the radial passage. 

In an exemplary embodiment, as illustrated in Figs. 2 and 2a-2f, the expandable 
tubular member 120 may then be radially expanded using the apparatus 200 by 
injecting a fluidic material 275 into the apparatus through the passages 205a, 210a. 
and 215a. The injectton of the fluklic material 275 may pressurize the interior 120a of 

35 the expandable hibular member 1 20. In additk>n, because the packer cup assemblies, 
240 and 250, seal off an annular region 120aa bebw the packer cup assemblies 
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betvveen the expandable tubular memb^ 120 and the tubular support member 215, the 
injection of the fluidic matertal 275 may also pressurize the annular region. 

The continued injection of the fluidic material 275 may then pressurize the 
interior 120a of the expandable tubular member 120 thereby plastically defonning and 
5 radially expanding the expandable tubular member off of the expansion cone segments 
225. Because the outer sur^ces. 225bb and 22Sbc, of the expansion cone segments 
225 are tapered, the plastic deformation and radial expansion of the expandable 
tubular member 120 proximate the expansbn cone segments is facilitated. 
Furthermore, in an exemplary embodiment, the continued injection of the fluidic 

10 material 275 also pressurizes the annular region 120aa defined between the interior 
surface of the expandable tubular member 120 and the exterior surface of the tubular 
support member 215 that is bounded on the upper end by the packer cup assembly 
240 and on the lower end by the expansion cone segments 225. Furthennore, in an 
exemplary embodjment. the pressurization of the annular region 120ad also radially 

1 5 expands the surrounding portion of the expandable tubular nnember 1 20. In this 
manner, the plastic defbmrtation and radial expansion of ttie expandable tubular 
member 120 Is enhanced. Furthermore, during operation of the apparatus 200, the 
packer cup assemblies 240 and 250 prevent tiie pressurized fluidic material 275 from 
passing above and beyond the packer cup assemblies and thereby define ttie length of 

20 the pressuri^d annular region 120aa. In an exemplary mbodiment. the 

pressurization of the annular region 120aa decreases the operating pressures required 
for plastic deformation and radial expansion of the expandable tubular member 120 by 
as much as 50% and also reduces the angle of attack of the tapered external surfaces, 
225bb and 225bc of ttie expansion cone segments 225. 

25 The radial expansion of the expandable tubular member 1 20 may then continue 

until the upper end 120b of tiie expandable tubular member is radially expanded and 
plastically defonned along with Uie overtapping portion of the wellbore casing 110. 
Because ttie expansion cone segments 225 may be adjustable positioned from an 
outskJe diameter less than the inskle diameter of the expandable tubular member 120 

30 to an outside diameter substantially equal to tt)e inside dianneter of the pre-existing 
casing 110. ttie resulting wellbore casing, including tiie casing 110 and the radially 
expanded tubular member 120, created by tiie operation of the apparatus 200 may 
have a single substantially constant inskle diameter thereby providing a rTK>no-diameter 
weiibore casing. 

35 If tiie expansion cone segments 225 become lodged within the tubular member 

120 during the radial expansion process, tiie tubular support member 215 may be 
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displaced downwardly in the longitudinal direction and then rotated relative to the drag 
block assemblies. 235 and 255. thereby positioning the lugs. 215b and 215f, within the 
retaining slots. 255ea and 235da. respectively, of the J-slots. 255e and 235d, 
respectively. As a result, the expansion cone segments 225 niay be displaced down 
5 the tapered hexagonal portion 215gb of the expansion cone support body 215g and 
away from the end stop 220 thereby decreasing the external diameter of the expansion 
cone segments. In this manner, the tubular support member 205. the tubular support 
member 21 0. the tubular support member 21 5. the end stop 220, the exparislon cone 
segments 225, the spirt ring collar 230, the drag block assembly 235, the pack cup 

10 assembly 240, the spacer 245, the packer cup assembly 250, and the drag btock 
assembly 255 may then be removed from the tubular member 120. 

During the radial expansion process, the expansion cone segments 225 may be 
raised out of the expanded portion of the tubular memt>er 120 by applying an upward 
axial force to the tubular support member 215. In a preferred embodiment, during the 

15 radial expansion process, the expansion cone segments 225 are raised at 

approximately the same rate as the tubular member 120 is expanded in order to keep 
the tubular member stattonary relative to the new welibore section 115. In an 
altemative preferred embodiment, the expansk>n cone segments 225 are maintained in 
a stationary position during the radial expansk>n process thereby allowing the tubular 

20 member 120 to be radially expanded and plastteally defonmed off of the expansion 
cone segments 225 and into the new welibore section 115 under the force of gravity 
and the operating pressure of the interior of the tubular member 120. 

In a preferred embodiment, when the upper end portion of the expandable 
tubular member 120 and the lower portkxi of the welibore casing 110 that overiap with 

25 one another are plastk»lly deformed and radially expanded by the expansion cone 
segments 225, the expanston cone segments 225 are displaced out of the welibore 
100 by both the operating pressure within the interior of the tubular member 120 and a 
upwardly directed axial force applied to the tubular support member 205. 

In a preferred embodiment, the operating pressure and flow rate of the fluidic 

30 material 275 is controllably ran^^ed down when the expansion cone segments 225 
reach the upper end portion of the expandable tubular member 120. In this manner, 
the sudden release of pressure caused by the complete radial expansion and plastic 
deformation of the expandable tubular member 120 off of the expansion cone 
segments 225 can be minintized. In a preferred embodiment, the operating pressure is 

35 reduced in a substantially linear fashton from 100% to about 10% during the end of the 
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extmston process beginning when the expansion cone segments 225 are within about 
5 feet from completion of the extrusion process. 

Alternatively, or in combination, the wall thidcness of the upper end portion of 
the expandable tubular member 120 is tapered In order to gradually reduce the 
5 required operating pressure for plastically deforming and radially expanding the upper 
end portion of the tubular member. In this manner, shock loading of the apparatus Is at 
least reduced. 

Alternatively, or in combination, a shock absort>er is provided in the tubular 
support member 205 in order to absorb the shock caused by the sudden release of 
10 pressure. The shock absortier may comprise, for example, any conventional 

commercially available shock absorber, bumper sub, or jars adapted for use in wellbore 
operations. 

Alternatively, or in combination, an expansion cone catching structure is 
provided in the upper end portion of the expandable tubular memt)er 120 in order to 

15 catch or at least decelerate the expansion cone segments 225. 

Alternatively, or in combination, during the radial expansion process, an upward 
axial force is applied to the tubular support member 215 sufTicient to plastically deform 
and radially expand the tubular member 120 ofT of the external sur^K^es, 225bb and 
225bc, of the expanston cone segments 225. 

20 AltemativBly, or in combinatton, in order to facilitate the pressurizatlon of the 

intertor 120a of the expandable tubular member by the injection of the fluidic materials 
275, the region within the wellbore section 115 below the apparatte 200 may be 
fluididy sealed off in a conventton manner using, for example, a packer. 

Once the radial expanston process is completed, the tubular support member 

25 205, the tubular support member 210. the tubular support member 215, the end stop 
220, the expanston cone segments 225, the split ring collar 230, the drag block 
assembly 235. the pack cup assembly 240, the spacer 245, the packer cup assembly 
250, and the drag block assembly 255 are removed from the wellbore 100. 

In an attematrve embodiment as illustrated in Rgs. 2h and 2i, the J-slots. 235d 

30 and 255e. include one or more intemiediate retaining slots, 235db and 255eb. 

respectively, that permit the relative longitudinal displacement of the tubular support 
men*er 21 5 relative to the drag block assemblies. 235 and 255, to be set at one or 
more intermediate stop positk>ns. In this manner, the expansion segments 225 may be 
positioned at one or more intermediate positions on the tapered hexagonal portion 

35 21 5gb of the expanston cone support body 21 5g thereby pemnitling the extemal 
diameter of the expanston cone segments 225 to be adjusted to one or more 
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intemtediate sizes. In this manner, the radial expansion and plastic defonmation of the 
expandable tubular member 120 be provided in different operation stages, each having 
a different expansion diameter. Furthermore, if the expansion cone segments 225 
become lodged within the expandable tubular member 120, then the position of the 
5 expansion oone segments may be adjusted to provide a smalier outside diameter and 
the radial expansion process may be continue by injecting the fluidic material 275 
and/or applying an upward axial force to the tubular support member 215. 

Referring to Rgs. 3 and 3a-3j, an aitemative embodiment of an apparatus 300 
for forming a wellbore casing in a subtenanean fonnation will now be described. The 

10 apparatus 300 Includes a tubular support member 305 defining an intemal passage 
305a that is coupled to an end of a tubular coupling 310 defining an intemal passage 
310a. The other end of the tubular coupling 310 is coupled to an end of a tubular 
support member 315 defining an internal passage 315a that includes a first flange 315b 
having oppositely tapered end-walls, 315ba and 315bb. a second flange 315c. a radial 

15 passage 315d, a third flange 315e, a fourth flange 315f, a fifth flange 315g having 
oppositely tapered end-walls, 315ga and 315gb, a fifth flange 315h, and an expansion 
cone support body 315i. The other end of the tubular support member 315 is coupled 
to a tubular end stop 320 that defines a passage 320a. 

As illustrated in Figs. 3d and 3e. the expansion oone support body 31 5i includes 

20 a first end 31Sia. a tapered hexagonal portion 315ib that includes a plurality of T- 
shaped slots 315iba provided on each of the external faceted surfaces of the tapered 
hexagonal portion, and a second end 31 Sic. In an exemplary embodiment, the angle of 
attadc of the tapered hexagonal portion 315ib ranges from about 35 to 50 degrees for 
reasons to be described. 

25 As illustrated in Figs. 3, 3a-3c, and 3f-3h, a plurafity of expansion oone 

segments 325 are provided that include first ends 325a that inchjde T-shaped retaining 
members 325aa and second ends 325b that include T-shaped retaining members 
325ba that mate wfth and are received within corresponding T-shaped slots 315iba on 
the tapered hexagonal portion 315ib of the expansion cone support body 31 5i, first 

30 external surfaces 325bb, second external surfeces 325bc, and third external surfaces 
325bd. Thus, in an exemplary embodiment a total of sbc expansion cone segments 
325 are provided that are slidably coupled to corresponding sides of the tapered 
hexagonal portion 315ib of the expansion cone support body 3151. 

In an e)»niplary embodiment the widths of the forst external surfaces 325bb of 

35 the expansion oone segments 325 increase in the direction of the second external 
surfaces 325bc, the widths of the second external surfaces are sul>stantially constant. 
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and the widths of the third external surfaces 325bd decrease in the direction of the first 
ends 325a of the expansion cone segments for reasons to be described. In an 
exemplary embodiment the first external suifeces 325bb of the expansion cone 
segments 325 taper upwardly in the direction of the second external surl^ces 32Sbc 
5 the second external surfaces taper upwardly in the direction of the third external 
surfaces 325bd, and the third external surfaces 325bd taper downwardly in the 
direction of the first ends 325a of the expansion cone segments for reasons to t>e 
described. In an exemplary embodiment, the angle of attack of the taper of the first 
external surfaces 325bb of the expansion cone segments 325 are greater than the 

10 angle of attack of the taper of the second extemal surfaces 325t>c. In an exemplary 
emt>odiment, the first and second extemal surfaces, 325bb and 325bc» of the 
expansion cone segments 325 are arcuate such that when the expansion cor^ 
segments 325 are displaced in the dinectton of the end stop 320. the first and second 
extemal surfaces of the expansion cone segments pro\4de a substantially contiriuous 

15 outer circumferential surface for reasons to be described. 

As illustrated in Fig. 31, in an exemplary embodiment, the extemal surfaces, 
325bb, 325bc, and 325bd, of the second ends 325b of the expansion oone segments 
325 are adapted to mate with one another in onjer to intertock adjacent expansion 
cone segments. 

20 A split ring collar 330 that defines a passage 330a for receiving the tubular 

support member 315 is provkled that includes a first end that includes plurality of T- 
shaped sbts 330b for receiving and mating with corresponding T-shaped retaining 
members 325aa of the expanston cone segments 325 and a second end that includes 
an L*shaped retaining member 330c. In an exemplary embodiment, the split ring collar 

25 330 is a conventional split ring collar comnrercially available from Halliburton Energy 
Services modified in accordance with the teachings of the present disdosure. 

A collet assembly 335 is provided that includes a support ring 335a that defines 
a passage 335aa for receiving the tubular support member 315 and is coupled to an 
end of a resilient collet 335b having upper and lower sets of oppositely tapered 

30 shoulders. 335ba and 335bb. and, 335bc and 335bd. respectively, that is positioned 
proximate the fourth flange 31 5g of the tubular support member 315. The other end of 
the collet 335b is coupled to an end of a tubular sleeve 335c that defines a passage 
335ca. The other end of the tubular sleeve 335c is coupled to an end of a pin 335d. 
The other end of the pin 335d is coupled to a ring 335e that defines a passage 335ea 

35 for receiving the fifth flange 315h of the tubular support member 315. An end of a 
tubular coupling sleeve 335f that defines a passage 335fo for receiving the tubular 
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support member 31 5 is received within the opening 335ca of the tubular sleeve 33Sc 
that indudes a recess 335fb for receiving the fifth flange 31 5h til the tubular support 
member 315 and the ring 335e. and a radial passage 335fc f6r receiving the pin 335d. 
Another end of the tubular coupling sleeve 335f indudes a passage 335fd for receiving 
5 the tubular support member 31 5 and a slot 335fe for receiving the L-shaped retaining 
member 330c of the split ring collar 330. A ring 335g that defines a passage 335ga for 
receiving the tubular support member 315, a spring 335h, and a ring 3351 that defines a 
passage 335ta for receiving the tubular support member 315 are also received within 
the recess 335fb. The ring 335g is positioned proximate one end of the recess 335fb, 
10 the ring 335i is positioned proximate the fifth flange 31 5h of the tubular support 
member 315 within the other end of the recess, and the spring 33Sh is positioned 
between the rings. 

A first conventional padcer cup assembly 340 that defines a passage 340a for 
receiving the tubular support member 315 indudes a first end 340b that mates with the 

1 5 fourth flange 31 5f of the tubular support member, a conventional sealing cup 340c, and 
a second end 340d. A tubular spacer 345 that defines a passage 345a for receiving 
the tubular support member 31 5 indudes a first end 345b that mates with the second 
end 340d of the first packer cup assembly 340 and a second end 345c. Aseoond 
conventional packer cup assembly 350 that defines a passage 350a for receiving the 

20 tubular support nnember 31 5 indudes a first end 350b that mates with the second end 
345c of the spacer 345, a conventional sealing cup 350c, and a second end 350d that 
nnates with the third flange 31 Se of the tubular support member. 

A collet assembly 355 is provMed that indudes a support ring 355a that defines a 
passage 355aa for receiving the tubular support member 315 and is coupled to an end 

25 of a resilient collet 355b having upper and lower sets of oppositely tapered shouklers, 
355ba and 355bb, and, 355bc and 355bd, respectively, that is positioned proximate the 
first flange 315b of the tubular support member 315. The other end dl the collet 35Sb 
is coupled to an end of a tubular sleeve 355c that defines a passage 355ca. The other 
end of the tubular sleeve 355c is coupled to an end of a pin 355d. The other end of the 

30 pin 355d is coupled to a ring 355e that defines a passage 355ea for receiving the 
second flange 315c of the tubular support member 315. An end of a tutHJiar sleeve 
355f that defirms a passage 355fa for receiving the tubular support memt)er 315 is 
reoeh^ed within the opening 355ca of the tubular sleeve 355c that indudes a recess 
355fb for receiving the second flange 315c of the tubular support member 315 and the 

35 ring 355e, and a radial passage 355fc for receiving the pin 355d. Another end of the 
tubular sleeve 355f indudes a passage 355fd for receiving the tubular support member 
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315, a recess 355fe for receiving an encf of the tubular sleeve 355c, and sealing 
members 355ff. A ring 355g that djeTines a passage 355ga for receiving the tubular 
support member 315 and a spring 355h are also received within the recess 355fb. An 
end of the ring 355g is positioned proximate the second flange 315c of the tubular 
5 support member 31 5 within an end of the recess 355fb and the other end of the ring is 
positioned an end of the spring 355h. The other end of the spring 355h is positioned 
proximate the other end of the recess 355fb. 

In an exemplary embodinr^nt, during operation of the apparatus 300, as 
illustrated in Figs. 3 and 3a-3j. the apparatus may be initiaiiy positioned in the wellbore 

10 100, within the casing 1 10, with the collet assemblies 335 and 355 positioned in a 

neutral position in which the radial passage 31 5d of the tubular support member 315 is 
not covered by the tubular sleeve 355f and the expansion cone segments 325 are not 
driven up the tapered hexagonal portion 31 Sib of the expansion cone support body 
3151 of the tubular support member 315 into contact with the stop member 320, In this 

1 5 manner, fluidic materials within the interior 31 5a of the tubular support member 31 5 
may pass through the radial passage 31 5d Into the annulus between the apparatus 300 
and the casing 1 10 thereby preventing over pressurization of the annulus. 
Furthermore, In this manner, the outside diameter of the expansion cone segments 325 
is less than or equal to the outside diameter of the stop member 320 thereby pemnitUng 

20 the apparatus 300 to be displaced within the casing 1 10. 

As illustrated in Figs. 4, and 4a^, the apparatus 300 may then be positioned 
in the tubular member 1 20. During the insertion of the apparatus into the tubular 
member 120, the upper end 120b of the tubular member way impact the tapered 
shoulders. 335bb and 355bb, of the collets. 335b and 355b, respectively, thereby 

25 driving the collets badcward until the tapered shoulders, 335bd and 355bd, of the 

collets are positioned proximate the tapered shoulders. 315ga and 315ba. respectively, 
of the tubular support member. As a result, the support rings. 335a and 355a. the 
collets. 335b and 355b, the tubular sleeves. 335c and 355c, the pins. 335d and 355d. 
the rings, 335e and 355e. and the rings. 335g and 355g. of the collet assembUes, 335 

30 and 355. respectively, are driven backward, compressing the springs, 335h and 355h, 
thereby applying axial biasing forces to the tubular coupling sleeve 335f and the tubular 
sleeve 355f. respectively. In thte manner, an axial biasing force is applied to the split 
ring collar 330 and the expansion cone segments 325 that prevents the expansion 
cone segments from being driven up the tapered hexagonal portion 31 Sib of the 

35 expansion cone support body 31 5i of the tubular support nnember 31 5 into contact with 
ihe stop member 320. Thus, the outside diameter of the expansion cone segments 


32 


325 is maintained in a position that is less than the inside diameter of the tubular 
memt>er 120 thereby permitting the apparatus 300 to be displaced within the tubular 
member. Furthemnore, in this manner an axial biasing force is applied to the tubular 
sleeve 355f ther^y preventing the tubular sleeve from covering the radial passage 
31 5d in the tubular support member 315. Thus, fluidic materials within the Interior 315a 
of the tubular support member 315 may pass through the radial passage 31 5d into the 
annulus between the apparatus 300 and the tubular member 120 thereby preventing 
over pressurization of the annulus. 

The apparatus 300 may then be at least partially positioned in the open hole 
section 1 1 5a of the wellbora section 1 1 5, beyond the lower end 1 20c of the tubular 
member 120. In an exemplary embodiment, that portion of the apparatus 300 that 
includes the stop member 320. the expansion cone segments 325, the split ring collar 
330, the collet assembly 335, the packer cup assembly 340. the spacer 345, the packer 
cup assembly 350, and the collet assembly 355 Is then positioned in the open hole 
section 115a of the weObore section 115. beyond the lower end 120 of the tubular 
member for reasons to be described. Because the collets, 335b and 355b, are 
resilient, once the apparatus 300 has been positioned in the open hole sedton 1 1 5a of 
the wellbore sectton 115, beyond the lower end 120c of the tubular member 120, the 
tapered shoulders, 335ba and 35Sba, of the collets may spring outwardly in the radial 
directton; 

The apparatus 300 may then be repositioned at least partially back within the 
tubular member 120. During the re-Insertion of the apparatus into the tubular member 
120. the lower end 120c of the tubular member may Impact the tapered shoukJers, 
335ba and 355ba, of the collets, 335b and 355b, respectively, thereby driving the 
collets forward until the tapered shouUers, 335bc and 355bc, of the collets are 
posittoned proximate the tapered shouWers, 315gb and 315bb, resf^cHvely, of the 
tubular support member 315. As a result, the support rings, 335a and 355a, the 
collets. 335b and 355b, the tubular sleeves, 335c and 355c, the pins. 335d and 355d, 
the rings. 335e and 355e, the tubular coupling sleeve 335f. the tubular sleeve 355f, the 
rings, 335g and 355g, and the ring 3351 of the collet assemblies, 335 and 355, 
respectively, are driven fdnrard, thereby compressing the springs, 335h and 355h, 
thereby sealing off the radial passage 315d and driving the expansion cone segments 
325 up the tapered hexagonal portion 315ib of the expansion oone support body 3151 
of the tubular support member 315 into contact with the stop member 320. 

As a result, the outside diameter of the expansion cone segments 325 is now 
greater than the inskie diameter of expandable tubular member 120 thereby permittfng 
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the apparatus 300 to be used to radially expand and plastically deform the tubular 
member, and ftuidic materials within the Interior 315a of the tubular support member 
315 may no longer pass through the radial passage 315d into the annulus between the 
apparatus 300 and the tubular member thereby pemrdttlng the interior of the apparatus 
5 to be pressurized. 

The apparatus 300 may then be operated to radially exparul and plastically 
deform the tubular memt>er 120 by applying an upward axial force to the tubular 
support member 315 and/or by. injecting a pressurized fluidic material Into the tubular 
support member. 

10 In particular, as illustrated in Figs. 5 and 5a>3d, the expandable tubular nnember 

120 may then be radially expanded using the apparatus 300 by injecting a fluidic 
material 275 into the apparatus through the passages 305a, 310a, 315a, and 320a. 
The injection of the fluidic material 275 may pressurize the interior 120a of the 
expandable tubular member 120. In addition, because the packer cup assemblies, 340 

1 5 and 350, seal off an annular region 1 20aa below the packer cup assemblies between 
the expandable tubular member 120 and the tubular support member 315. the injection 
of the fluidic material 275 may also pressurize the annular region. 

The continued injectton of the fluMIc material 275 may then pressurize the 
interior 120a of the expandable tubular member 120 thereby plastically deforming and 

20 radially expanding the expandable tubular member off of the expansion cone segments 
325. Because the outer surfeoes, 325bb and 325bc, of the expansion cone segments 
325 are tapered, the plastic defonmation and radial expansion of the expandable 
tubular member 1 20 proximate the expansion cone segments is fedlitated. 
Furthermore, in an exemplary embodiment, the continued injection of the fluMic 

25 material 275 also pressurizes the annular region 1 20aa defined between the interior 
surface of the expandable tubular member 120 and the exterior surface of the tubular 
support member 315 that is bounded on the upper end by the packer cup assembly 
340 and on the lower end by the expansion cone segments 325. Furthermore, in an 
exemplary ernbodiment, the pressurizatlon of the annular region 120aa also radially 

30 expands at least a portion of the sunounding portion of the expandable tubular member 
120. In this manner, the plastic defomnatton and radial expansion of the expandable 
tubular memt>er 120 is enhanced. Furthermore, during operation of the apparatus 300, 
the packer cup assemblies 340 and 350 prevent the pressurized fluidto material 275 
from passing above and beyond the packer cup assemblies and thereby define the 

35 length of the pressurized annular region 1 20aa In an exemplary embodiment the 
pressurizatlon of the annular region 120aa decreases the operating pressures required 
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for plastic deformation and radial expansion of the expandable tubular member 120 by 
as much as 50% and also reduces the angle of attadc of the tapered external surfeices, 
32Sbb and 325bc. of the expansion cone segments 325. 

The radial expansion of the expandable tubular member 120 may then continue 
5 until the upper end 120b of the expandable tubular member is radially expanded and 
pl^tically deformed along with the overlapping portion of the wellbore casing 110. 
Because the expansion cone segments 325 may be adjustable positioned from an 
outside diameter less than the inside diameter of the expandable tubular member 120 
to an outside diameter substantially equal to the inside diameter of the pre-existing 
10 casirig 1 10, the resulting wellbore casing, including the casing 110 and the radially 
expanded tubular member 120, created by the operation of the apparatus 300 may 
have a single substantialh/ constant inside diameter thereby providing a mono-diameter 
wellbore casing. 

During the radial expansion process, the expansion cone segmente 325 may be 

15 raised out of the expanded portion of the tubular member 120 by applying an upward 
axial force to the tubular support member 31 5. In a prefened embodiment during the 
radial expansion process, the expansion cone segments 325 are raised at 
approximately the same rate as the tubular member 120 is expanded in order to keep 
the tubular memt>er stationary relative to the new wellbore section 115. 

20 in a preferred embodiment, when the upper end portion of the expandable 

tubular memt>er 120 and the lower portion of the wellbore casing 110 that overlap with 
one another are plastically defomned and radially expanded by the expansion cone 
segments 325, the expansion cone segments are displaced out of the wellbore 100 by 
both the operating pressure within the interior of the tubular member 120 and a 

25 upwardly directed axial force applied to the tubular support number 305. 

In a preferred embodiment, the operating pressure and flow rate of the fiuldic 
material 275 is controllabiy ramped down when the expansion cone segments 325 
reach the upper end portion of the expandable tubular memt>er 120. In this manner, 
the sudden release of pressure caused by the complete radial expansion and plastic 

30 deformation of the expandable tubular member 1 20 off of the expansion oom 

segments 325 can be minimized. In a preferred emtxxliment. the operating pressure is 
reduced in a substantially linear fashion from 100% to about 10% dunng the end of the 
extrusion process beginning when the expansion cone segments 325 are within about 
5 feet from completion of the extrusion process. 

35 Alternatively* or in combination, the wall thiclmess of the upper end portion of 

the expandable tubular member 120 is tapered in order to gradually reduce the 
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required operating pressure for plastically deforming and radially expanding the upper 
end portion of the tubular memlwr. In this manner, shock loading of the apparatus is at 
least reduced. 

Alternatively, or in combination, a shock absorber is provkied in the tubular 
5 support member 305 in order to absorb the shock caused by the sudden release of 
pressure. The shock absorber may comprise, for example, any conventional 
commercially available shock absorber, bumper sub, or jars adapted for use In wellbore 
<^rations. 

Alternatively, or in combination, an expansion cone catching structure is 

1 0 provided in the upper end portion of ttie expandable tubular member 1 20 in order to 
catch or at least decelerate the expanston cone segments 325. 

Attematively, or In combination, during the radial expansion process, an upward 
axial force is applied to the tubular support member 31 5 sufficient to plastically deform 
and radially expand the tubular member 120 off of the external surfaces, 225bb and 

1 5 225bc, of the expansion cone segments 325. 

Alternatively, or in combination, in order to facilitate the pressurization of the 
interior 120a of the expandable tubular member by ttie injection of the fluidic materials 
275, the region within ttie wellboie section 115 betow the apparatus 300 may be 
fluididy sealed off in a convention manner using, for example, a packer. 

20 Once the radial expanston process is completed, the tubular support member 

305. the tubular support member 310, the tubular support member 31 5, the end stop 
320, the expansion cone segments 325. the split ring collar 330, the collet assembly 
335, the packer cup assembly 340, ttie spacer 345. the packer cup assembly 350. and 
ttie collet assembly 355 are removed from the wellbores 100 and 1 15. 

25 Refening to Figs. 6 and 6a-6k, an alternative embodiment of an apparatus 400 

for forming a wellbore casing in a subterranean formation will now be described. The 
apparatus 400 includes a tubular support member 405 defining an Internal passage 
405a that is coupled to an end of a tubular coupling 410 defining an Internal passage 
410a. The other end of the tubular coupling 410 is coupled to an end of a tubular 
30 support member 41 5 defining an internal passage 41 5a ttiat includes a first flange 
415b, a first radial passage 415c. a second radial passage 415d. a second flange 
415e, a stepped flange 415f, a ttiird flange 415g. a fourth flange 415h, a fifth flange 
4151, and an expanston cone body 41 Sj. The ottier end of the tubular support member 
415 is coupled to a tubular end stop 420 Vhat defines a passage 420a. 
35 As illustrated in Rgs. 6e and 6f, the expanston cone support body 41 5J includes 

a first end 415ja. a tapered hexagonal portion 415jb that includes a plurality of T- 
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shaped slots 415jba provided on each of the external faceted surfaces of the tapered 
hexagonal portion, and a second end 415jc.. In an exemplary emtxxlinnent, the angle of 
attack of the tapered hexagonal portion 415Jb ranges from about 35 to 50 degrees for 
reasons to be described. 

5 As illustrated in Figs. 6. 6a-6d, and 6g-6i. a plurality of expansion cone 

segments 425 are provided that include first ends 425a that include T-shaped retaining 
members 42Saa and second ends 425b that include T-shaped retaining numbers 
425ba that mate with and are received within corresponding T-shaped slots 415jba on 
the tapered hexagonal portion 415jb of the expansion cone support body 41 5j, first 

10 external surfaces 425bb. second extemal surfaces 425bc, and third external surfaces 
425bd. Thus, in an exemplary embodiment, a total of six expansion cone segments 
425 are provided that are slidably coupled to conesponding sides of the tapered 
hexagonal portion 415jb of the expansion cone support body 41^. 

In an exemplary embodiment, the widths of the first exterrial surfaces 425bb of 

15 the expansion cone segments 425 increase in the direction of the second extemal 
surfaces 425bc the widths of the second external surfaces are sut)stantially constant, 
and the widths of the third extemal surfaces 425bd decrease in the direction of the first 
ends 425a of the expansion cone segments for reasons to be described. In an 
exemplary embodiment, the first extemal surfaces 425bb of the expansion cone 

20 segments 425 taper upwardly in the direction of the second extemal surfaces 425bc 
the second extemal surfaces taper upwardly in the direction of the third extemal 
surfaces 42Sbd, and the third extemal surfaces 425bd taper downwardly in the 
direction of the first m6s 425a of the expansion cone segments for reasons to be 
described. In an exemplary embodiment the angle of attack of the taper of the first 

25 extemal surfaces 425bb of the expansion cone segments 425 are greater than the 
angle of attack of the taper of the second extemal surfaces 425bc. In an exemplary 
embodiment the first and second extemal surfaces, 425bb and 425bc, of the 
expansion cone segments 425 are arcuate such that when the expansion cone 
segments 425 are displaced in the direction of the end stop 420, the first and second 

30 extemal surfaces of the expansion cone segments provkte a substantially continuous 
outer circumferential surface for reasons to be described. 

As illustrated in Fig. 6j. in an exemplary embodiment, the extemal surfaces, 
425bb, 425bc, and 425bd. of the second ends 425b of the expansion oone segments 
425 are adapted to mate with one another in order to intertock adjaoent expansion 

35 cone segments. 
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A split ring collar 430 that defines a passage 430a for receiving the tubular 
support niemtier 415 is provided that includes a first end that includes plurality of T- 
shaped slots 430b for receiving and mating with corrasponding reshaped retaining 
members 42Saa of the expansion cone segments 425 and a second end that includes 
5 an L-shaped retaining member 430c. In an exemplary embodiment, the split ring collar 
430 is a Conventional split ring ooflar commercially available from Halliburton Energy 
Services modified in accordance with the teachings of the present disdosure. 

A dog assembly 435 is provided that includes a tubular sleeve 435a that defines 
a passage 435aa for receiving the tubular support memt^r 415 that includes a first end 

10 that includes a stot 435ab for receiving and mating with the L-shaped retaining member 
430c of the split ring collar 430, a radial passage 435ac, and a recess 435ad for 
receiving the fifth flange 41 5a of the tubular support member 41 5. A second end of the 
tubular sleeve 435a includes a flange 435ae that mates with the fourth flange 415h of 
the tubular support member 415. A retaining ring 435b that defines a passage 435ba 

15 for racing the fifth flange 4151 is received within the recess 435ad of the tubular 
sleeve 435a and is coupled to an end of a load transfer pin 435c. The opposite end of 
the load transfer pin 435c is received within the radial passage 435ac of the tubular 
sleeve 435a and is coupted to an end of a tubular sleeve 43Sd that includes a recess 
435da at a first end for receiving the tubular sleeve 435a. and a radial opening 435dc 

20 for receiving a conventional resilient dog 435e. A spring 435f and a ring 435g that 
defines a passage 435ga for receiving the tubular support member 415 are received 
within the recess 435ad of the tubular sleeve 435a between a first end of the recess 
and the fifth flange 415i of the tubular support member. 

A first conventional patiker cup assennbly 440 ttiat defines a passage 440a for 

25 receiving the tubular support member 415 includes a first end 440b that mates with the 
fourth flange 41 Sg of the tubular support member, a conventional sealing cup 44dc 
and a second end 440d. A tubular spacer 445 that defines a passage 445a for 
receiving the tubular support member 415 indudes a first end 445b that mates with the 
second end 440d of the first padcer cup assembly 440 and a second end 445c. A 

30 second conventional padcer cup assembly 450 that defines a passage 450d for 

receiving the tubular support member 415 indudes a first end 450b that mates with the 
second end 445c of the spacer 445, a conventional sealing cup 450c. and a second 
end 450d that mates with the stepped flange 415f of the tubular support member. 
A dog assembly 455 is provided that includes a tubular sleeve 455a that defines 

35 a passage 45Saa for receiving the tubular support member 41 5. Afirstendof the 
tubular sleeve 455a indudes a radial opening 455ab for receiving a conventional 
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resilient dog 455b. A second end of the tubular sleeve 455a includes a recess 455ac 
and IS coupled to an end of ia load transfer pin 455c The opposite end of tte load 
transfer pin 455c is coupled to a retaining ring 455d that defines a passage 455da for 
receiving the tutnilar support member 415. A tubular sleeve 455e is received within the 
5 recess 455ac of the tubular sleeve 455a that defines a passage 455ea for receiving the 
tubular support member 415 and includes a first end that includes a radial passage 
455eb for receiving the load trar^fer pin 455c and a recess 455ec for receiving a spring 
455f. A ring 455g that defines a passage 455ga for receiving the tubular support 
member 41 5 Is further received w\hm the recess 455ec of the tubular sleeve 455e 

1 0 between the spring 455f and the second flange 41 5e of the tubular support member 
415. A second erxl of the tubular sleeve 455e includes a radial passage 455ed. 
searing members, 455ef and 455eg. and a recess 455eh that mates with the first flange 
415b of the tubular support member 415. 

In an exemplary embodiment, during operation of the apparatus 400, as 

15 illustrated in Figs. 6 and 6a-6k, the apparatus may be initially posifioned in the wellbore 
100. within the casing 110, with the dog assemblies 435 and 455 positioned in a 
neutral position in which the radial passage 41 5d of the tubular support member 415 is 
fluldidy coupled to the radial passage 455ed of the dog assembly 455 and the 
expansion cone segments 425 are not driven up the tapered hexagonal portion 415jb 

20 of the expansion cone support body 41 5j of the tubular support member 41 5 Into 
contact with the stop member 320. In this manner, fluldic materials within the interior 
415a of the tubular support member 415 may pass through the radial passages, 415d 
and 455ed, Into the annulus between the apparatus 400 and the casing 110 thereby 
preventing over pressurization of the annulus. Fuithennore, in this manner, the outside 

25 diameter of the expansion cone segments 425 is less than or equal to the outside 

diameter cf the stop member 420 thereby penrnitting the apparatus 400 to be displaced 
within the casing 110. 

As Illustrated in Figs. 7, and 7a-7c. the apparatus 400 may then be positioned in 
the tubular member 1 20. During the insertion of the apparatus into the tubular member 

30 1 20, the upper end 1 20b of the tubular member may impact the ends of the resilient 
dogs, 435e and 455b, of the dog assemblies. 435 and 455, respectively, thereby 
driving the resilient dogs. 435e and 455b, backwards off of and adjacent to one side of 
the flanges, 415h and 415f, respectively. As a result of the backward axial 
displacement of the resilient dog 435e, the tubular sleeve 435d. the pin 435c, the 
35 retaining ring 435b, and the ring 435g of the dog assembly 435 are driven backward 
thereby compressing the spring 435f and applying an axial biasing force to the tubular 
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sleeve 435a that prevents the expansion cone segnients 425 from being displaoed 
toward the end stop 420. As a result of the backward axial displacement of the resilient 
dog 455b. the tubular sleeve 455a» the pin 455c, the retaining ring 455d, and the ring 
45Sg of the dog assennbly 455 are driven backward thmby compressing the spring 
5 455f and applying an axlat biasing force to the tubular sleeve 455e that prevents the 
radial passages. 415d and 455ed from being fluMidy decoupled. 

The apparatus 400 may then be at least partially positioned in the open hole 
section 1 15a of the wellbore section 115, beyond the lower end 120c of the tubular 
member 120. In an exemplary embodiment, that portk)n of the apparatus 400 that 

10 includes the stop member 420, the expansion cone segments 425, the split ring collar 
430, the dog assembly 435, the packer cup assembly 440. the spacer 445, the packer 
cup assembly 450, and the dog assembly 455 rs then positioned in the open hole 
section 1 15a of the wellbore section 115, beyond ttie lower end 120 of the tubular 
member for reasons to be described. Because the dogs. 435e and 455b, of the dog 

15 assemblies, 435 and 455, respectively, are resilient, once tiie apparatus 400 has t>een 
positioned in the open hole section 1 15a of the wellbore section 115, beyond the lower 
end 120c of the tubular member 120, the resilient dogs, 435e and 455b, of the dog 
assemblies may spring outwardly in the radial direction. 

The apparatus 400 may then be repositioned at least partially back within the 

20 tubular member 120. During the re-insertion of the apparatus into the tubular member 
120. the kiwer end 120c of the tubular member may impact the ends of Vhe resHlent 
dogs. 435e and 455b, of the dog assemblies. 435 and 455, respectively, thereby 
driving the resilient dogs fbnwand until the resilient dogs are positioned beyond and 
adjacent to the other side of the flanges, 41 5h and 41 5f , of the tubular support member 

25 415. 

As a result, of the fonrard axial displacement of the resilient dog 435e, the 
tubular sleeve 435a, tiie retaining ring 435b, the pin 435c the tubular sleeve 435d. the 
spring 435f, and the ring 435g of ttie dog assembly 435 are displaced in the fonward 
axial direction thereby also displacing the split ring collar 430 and the expansion cone 

30 segments 425 in the forward axial direction. As a result, ttie expansion cone segments 
425 are driven up the tapered hexagonal portion 415jb of ttie expanston cone support 
body 41 5j of the tubular support member 415 into contact witti ttie stop member 320. 

As a result of ttie fonivard axial displacement of ttie resilient dog 455b. the 
tubular sleeve 455a, ttie pin 455c, ttie retaining ring 455d. ttie tubular sleeve 455e. the 

35 spring 455f, and the ring 455g of the dog assembly 455 are driven forward in the axial 
direction ttiereby fluidldy decoupling the radial passages. 41 5d and 455ed. and fluidtely 
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coupling the radial passages 41 5c and 41 5d. As a result fluidic nr^terials within the 
tubular support memt}er 415 may not pass into the annulus betweisn the tubular 
support member and the iubular member 1 20. 

As a result of the fonivard axial displacement of the resilient dog 435e, the 

5 outside diameter of the expansion cone segments 425 Is now greater than the inside 
diameter of expandable tubular member 120 thereby pemiitting the apparatus 400 to 
be used to radially expand and plastically deform the tubular member, and fluidic 
materials within the interior 415a of the tubular support member 415 may no longer 
pass through the radial passages, 415d and 455ed, into the annulus between the 

10 apparatus 400 and the tubular memt>er thereby permitting the interior of the apparatus 
to be pressurized. 

The apparatus 400 may then be operated to radially expand and plastically 
deform the tubular member 120 by applying an upward axial force to the tubular 
support member 415 and/or by injecting a pressurized fluidic material into the tubular 

15 support member. 

In particular, as illustrated in Figs. 8 and 8a-8d, the expandable tubular member 
120 may then be radially expanded using the apparatus 400 by injecting a fluidic 
material 275 into the apparatus through the passages 405a, 310a, 415a, and 420a. 
The injection of the fluidic material 275 may pressurize the Interior 120a of the 

20 expandable tubular member 1 20. In addition, because the packer cup assemblies. 440 
and 450, seal off an annular region 120aa below the packer cup assemblies between 
the expandable tubular memt>er 120 and the tubular support memt)er 415, the injection 
of the fluidic material 275 may also pressurize the annular region. 

The continued injection of the fluMic material 275 may then pressurize the 

25 interior 120a of the expandable tubular member 120 thereby plastically deforming and 
radially expanding the expandable tubular niember off of the expansk^n cone segments 
425. Because the outer surfaces, 425bb and 425bc ctf the expansion cone segments 
425 are tapered, the plastk: deformation and radial expansion of the expandable 
tubular member 120 proximate the expansion cone segments is fadlitated. 

30 Furthermore, in an exemplary embodiment, the continued injectk>n of the fluidic 

material 275 also pressurizes the annular region 120aa defined between the interior 
surface of the expandable tubular ntember 120 and the exterior surface of the tubular 
support member 415 that is t>ounded on the upper end by the packer cup assembly 
440 and on the lower end by the expansion cone segments 425. Furthermore, in an 

35 exemplary embodiment the pressurizatton of the annular regton 1 20aa also radially 
expands at least a portion of the surrounding portton of the expandable tubular member 
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120. In this manner, the plastic deformation and radial expansion of the expandable 
tubular member 120 Is enhanced. Furthermore, during operation of the apparatus 300. 
the packer cup assemblies 440 and 450 prevent the pressurized fluidic material 275 
from pas»ng above and beyond the packer cup assemblies and thereby define the 
5 length of the pressurized annular region 120aa* In an exemplary embodiment, the 
pressurization of the annular region 120aa decreases the operating pressures required 
for plastic defomiation and radial expansion of the expandable tubular member 120 by 
as much as 50% and also reduces the angle of attack of the tapered external surfaces. 
425bb and 425bc. of the expansion cone segments 425. 

The radial expanston of the expandable tubular member 120 may then continue 
until the upper end 120b of the expandable tubular member is radially expanded and 
plastically defomied along with the overiapping portion of the weilbore casing 110. 
Because the expansion cone segments 425 may be adjustably positioned from an 
outside diameter less than the inskJe diameter of the expandable tubular member 120 
to an outsMe diameter substantially equal to the inside diameter of the pre-existing 
casing 1 10, the resulting weilbore casing, including the casing 1 1 0 and the radially 
expanded tubular member 120. created by the operation of the apparatus 400 may 
have a single substantially constant insMe diameter thereby providing a mono-diameter 
weilbore casing. 

During the radial expansion process, the expansion cone segments 425 may be 
raised out of the expanded portion of the tubular member 120 by applying an upward 
axial force to the tubular support member 41 5. In apreferred embodiment, during the 
radial expansion process, the expansion cone segments 425 are raised at 
approximately the same rate as the tubular member 120 is expanded in order to keep 
the tubular member statfonary relative to the new weilbore section 115. 

In a preferred embodiment, when the upper end portion of the expandable 
tubular member 120 and the lower portfon of the weilbore casing 1 10 that overiap with 
one another are plastteally defomied and radially expanded by the expansion cone 
segments 425, the expansion cone segments are displaced out of the weilbore 100 by 
both the operating pressure within the interior of the tubular member 120 and a 
upwardly directed axial force applied to the tubular support member 405. 

In a preferred embodiment, the operating pressure and flow rate of the fluidic 
material 275 is oontrollably ramped down when the expansion cone segments 425 
reach the upper end portion of the expandable tubular member 120. In this manner, 
the sudden release of pressure caused by the complete radial expanston and plastic 
defbmiatton of the expandable tubular member 120 off of the expansion cone 
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segments 425 can be mininnized. In a pfefened embodiment, the operating pressure 
reduced in a substantially linear feshion from 1 00% to about 10% during the end of the 
extrusion process beginning when the expanston cone segments 425 are within about 
5 feet from completion of the exfrusion process. 
5 Altemativeiy. or in combination, the wall thickness of tlie upper end portion of 

the expandable tubular member 120 is tapered in order to gradually reduce the 
required operating pressure for plastically deforming and radially expanding the upper 
end portion of the tubular member. In this manner, shock loading of the apparatus is at 
least reduced. 

10 Altemativeiy. or in combination, a shock absorber is provkied in the tubular 

support member 405 in order to absorb the shock caused by the sudden release of 
pressure. The shock absort>er may comprise, for example, any conventional 
commerdalty available shock absorber, bumper sub. or jars adapted for use in wellbore 
operations. 

15 Alternatively, or in combination, an expansion cone catching structure is 

provided in the upper end portion of the expandable tubular member 120 in order to 
catch or at least decelerate the expanskMi cone segmmts 425. 

Alternatively, or in combination, during the radial expansion process, an upward 
axial force is applied to ttie tubular support member 415 sufTident to plastically defonm 

20 and radially expand the tubular member 120 off of tiie external surfaces, 225bb and 
225bc of the expanston cone segments 425. 

Alternatively, or in combination, in order to facilitate the pressurization of ttie 
interior 120a of the expandable tubular member by the Injection of the flukJic materials 
275, ttie regton wittiin the wellbore section 1 1 5 below ttie apparatus 400 may be 

25 fluididy sealed off in a convention manner using, for example, a packer. 

Once ttie radial expansion process Is completed, ttie tubular support member 
405, ttie tubular support member 410. tiie tubular support member 415, ttie end stop 
420. ttie e)q)ansk)n cone segments 425. ttie split ring collar 430, the dog assembly 435, 
ttie packer cup assembly 440, the spacer 445, ttie packer cup assembly 450, and ttie 

30 dog assembly 455 are removed from ttie wellbores 1 00 and 115. 

Refem'ng now to Figs. 9, 9a, 10 and 10a, an embodiment of an adjistable 
expansion cone assembly 500 will be described. The assembly 500 includes a tubular 
support member 505 that defines a passage 505a and includes a flange 505b, an 
expansion cone support flange assembly 505c and an end stop 505d. The expansion 

35 cone support flange assembly 505c includes a tubular body SOSca and a pluraRy of 
equally spaced apart expansion cone segment support membera 505cb ttiat extend 


43 


outwardly from the tubular txxly in ttie radterl direction that each include identical bases 
SOScba and extensions SOScbb. The support memt>ers SOScb further include first 
sections SOScbc having arcuate conical outer surfaces and second secbons 505cbd 
having arcuate cylindrical outer surfttces for reasons to be described. 
5 An expansion cone segment assembly 510 Is provided that Includes a tubular 

support 510a defining a passage 510aa for receiving the tubular support nriember 505 
and a slot SlOab. A plurality of spaced apart and substantially identical resilient 
expansion cone segment collets 510b extend from the tubular support 510a in the axial 
direction that indude expansion cone segments 510ba extending therefrom in the axial 

10 direc^on. Each of the expansion cone segments SlOba further include arcuate conical 
expansion surfaces 510t)aa for radially expanding an expandable tubular memt)er. 

A split ring collar 515 is provided that defines a passage 51 5a for receiving the 
tubular support member 505 that includes an L-shaped retaining memt>er 515b at one . 
end for mating with the slot 51 Gab of the tubular support 510a of the expansion cone 

15 segment assembly 510. Another end of the split ring collar 515 includes an L-shaped 
retaining member 515c. A tubular sleeve 520 is provided that defines a passage 520a 
for receiving the tubular support member 505 that includes a slot 520b for receiving the 
L-shaped retaining member 515c of the split ring collar 515. 

During operation of the assembly 500. as illustrated in Figs. 9 and 9a, in an 

20 unexpended position, the expansion cone segments 510t>a of the expansion cone 
segment assembly 510 are positioned adjacent to the base of the conical section 
505cbc of the expansion cone segment support members 505cb with the outside 
diameter of the expansion cone segments less than or equal to the maximum outside 
diameter of the assembly. As illustrated in Figs. 10 and 10a, the assimbly 500 may 

25 then be expanded by displacing the tubular sleeve 520, the split ring collar 515, and the 
expansion cone segment assembly 510 in the axial direction towards the expansbn 
cone segment support members 505cb. As a result, the expansion cone segments 
510ba are driven up the conical section SOSctx: of the expansion cone segment 
support members 505cb and then onto the cylindrical section 505cbd of the expansion 

30 cone segment support members until the expansion cone segments impact the end 
stop 505d. In this manner, the outside diameter of the expansion segments 510ba is 
greater than the maximum diameter of the remaining components of the assembly 500. 
Furthermore, the conical outer surfaces 510baa of the expansion cone segments 
510ba may now be used to radially expand a tubular member. Note that the 

35 extensions 505cbb of the expansion cone segment support members 505cb provide 
support In the circumferential direction to the adjacent expansion cone segments 
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SlOba. In an exemplary embodiment the outer conical surfaces SlObaa of the 
expansion cone segments SlOba in the expanded position of the assembly 500 provide 
a substantially continuous outer conical surfaces in the circumferential direction. 
The assembly 500 may then be returned to the unexpended position by 
5 displadng the tubular sleeve 520, the split ring collar 51 5. and the expansion cone 
segment assembly 510 in the axial direction away from the expansion cone segment 
support members 505cb. As a result the expansion cone segments 51 Oba are 
displaced off of the cylindrical section 505cbd and the conical section 505cbc of the 
expansion cone segment support members 505cb. Because the collets 510b of the 

10 expansion cone segment assembly 510 are resilient, the expansion segments 510ba 
are thereby returned to a position in which the outside diameter of the expansion cone 
segments is less than or equal to the maximum diameter of the remaining components 
of the assembly 500. 

In several alternative embodiments, the assembly 500 incorporated into the 

1 5 assemblies 200, 300 and/or 400. 

R^ening now to Figs. 1 1, 11a, 12 and 12a, an embodiment of an adjustiable 
expansion cone assembly 600 wiD be described. The assembly 600 indudes a tubular 
support member 60S that defines a passage 605a and includes an expansion cone 
support flange assembly 60Sb. and an end stop 605c. The expansion cone support 

20 flange assembly 605b includes a tubular body 605ba and a plurality of equally spaced 
apart expansion cone segment substantially identical support members 605bb that 
extend outwardly from the tubular body in the radial direction. The support members 
605bb further irudude first sections 605bba having arcuate cylindrical outer surfaces, 
second sections 605bbb having arcuate conical outer surfaces, and third sections 

25 605bbc having arcuate cylindrical outer surfaces for reasons to be described. 

An expansion cone segment assembly 610 is provided that includes a tubular 
support 610a defining a passage 610aa for receiving the tubular support member 605 
and a slot 610ab. A plurality of spaced apart and substantially identical resilient 
expansion cone segment collets 610b extend from the tubular support 610a in the axial 

30 direction that include expansion cone segments 61 Oba extending theref nxn in the axial 
direction. Each of the expansion cone segments 61 Oba further include arcuate conical 
eixpansion surfaces 610baa for radially expanding an expandable tubular memt>er. 

A split ring collar 615 is provided that defines a passage 615a for receiving the 
tubular support member 605 that includes an L-shaped retaining member 615b at one 

35 end for mating with the sbt 61 Oab of the tubular support 610a of the expansion cone 
segment assembly 610. Another end of the split ring collar 615 includes an L-shaped 
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retfflning member 615a A tubular sleeve 620 is provide that defines a passage 620a 
for receiving the tubular support member 605 that indudes a slot 620b for receiving the 
L-shaped retaining member 61 5c of the split ring collar 615. 

During operation of the assembly 600* as Hlustrated in Figs. 1 1 arnJ 11a, in an 
unexpended position, the expansion cone segments 610ba of the expansion cone 
segment assembly 610 are positioned on the cylindrical section 605bba, adjacent to 
the base of the conical sec^on 605bbb, of the expansion cone segment support 
members 605bb with the outside diameter of the expansion cone segments less \han 
or equal to the maximum outside diameter of the assembly. As illustrated in Figs. 12 
and 12a, the assembly 600 may then be expanded by displacing the tubular sleeve 
620, the split ring collar 615, and the expansion cone segment assenrtbiy 610 in the 
axial direction towards the expansion cone segment support members 605bb. As a 
result, the expansion cone segments 610ba are driven up the conical section 605bbb 
of the expansion cone segment support members 605bb and then onto the cylindrical 
section 605bbc of the expansion cone segment support memt)ers until the expansion 
cone segments impact the end stop 605c. In this manner, the outside diameter of the 
expansion segments 610ba is greater than the maximum diameter of the remaining 
components of the assenr^ly 600. Furthermore, the conical outer surfaces 610baa of 
the expansion cone segments 610ba may now be used to radially expand a tubular 
member. In an exemplary embodiment, the outer conical surfeces 610baa <rf the 
expansion cone segments 610ba in the expanded position of the assembly 600 provide 
a substantially continuous outer conical surfaces in the drcumferential direction. 

The assembly 600 may then be returned to the unexpended position by 
displacing the tubular sleeve 620, Aie split ring collar 615. and the expansion cone 
segment assembly 610 in the axial direction away from the expansion cone segment 
support members 605bb. As a result, the expansion cone segments 610ba are 
displaced off of the cylindrical section 605bbc and the conical section 605bbb and back 
onto the cylindrical section 605bba of the expansion cone segment support members 
605bb. Because the collets 61 Ob of the expansion cone segment assembly 610 are 
resilient, the expansion segments 610ba are thereby retumed to a position In which the 
outside diameter of the expansion cone segments is less than or equal to the maximum 
diameter of the remaining components of the assembly 600. 

In several altemative embodiments, the assembly 600 is incorporated into the 
assemblies 200. 300 and/or 400. 

Referring nowtoFigs. 13. 13a, 13b. 13c 14 and 14a. an embodiment of an 
adjustable expansion cone assembly 700 will be described. The assembly 700 
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includes a tubular support memt)er 705 that defines a passage 705a and includes an 
expansion cone support flange assembly 705b, and an end stop 705a The expansion 
cone support flange assembly 705b includes a tubular body 705ba and a plurality of 
equally spaced apart expansion cone segment substantially identical support nnembers 
5 705bb that extend outwardly from the tubular body in the radial direction. The support 
members 705bb further include first sections 705bba having arcuate cylindrical outer 
surfaces, second sections 705bbb having arcuate conical outer surfaces, and third 
sections 705bbc having arcuate cylindrical outer surfaces for reasons to be described. 
An expansion cone segment assembly 710 is provided that includes a first 

10 tubular support 710a defining a passage 710aa for receiving the tubular support 

member 705 that includes a slot 710db and a second tubular support 710b defining a 
passage 71 Oba for receiving the tubular support member 705 that includes a plurality of 
spaced apart and substantially identical axial slots 710bb. A plurality of spaced apart 
and substantially identical resilient expansion cone segment collets 710ac extend from 

15 the first tubular support 710a in the axial direction and are received within 

corresponding ones of the axial slots 710bb in the second tubular support 710b that 
include sut>stantially identical expansion cone segments 710aca extending therefirom in 
the axial direction. A plurality of spaced apart and sid)stantially Identical resilient 
expansion cone segment collets 710bc extend from the second tubular support 710b in 

20 the axial direction that are interteaved and overtap with the expansion cone segment 
oollets 710dc and that include substantially identical expansion cone segments 710t>ca 
exterxJing therefrom in the axial direction. Each of the e)q)ansion cone segments, 
710aca and 710t)ca. further include arcuate conical expansion surfaces. 710acaa and 
710bcaa, respectively, for radially expanding an expandable tubular member A 

25 plurality of pins 71 5a-715d couple the expansion cone segment collets 710ac to the 
second tubular support 710b. 

A split ring collar 720 is provided that defines a passage 720a for receiving the 
tutHilar support member 705 that includes an L-shaped retaining memt>er 720b at one 
end for mating ^th the slot 710ab of the first tubular support 710a of the expansion 

30 cone segment assembly 710. Another end of the split ring collar 720 Includes an L- 
shaped retaining member 720c. A tubular sleeve 725 is provided that defines a 
passage 725a for receiving the tubular support member 705 that includes a slot 725b 
for receiving the L-shaped retaining member 720c of the split ring collar 720. 

During operation of the assembly 700, as Illustrated In Figs. 13, 13a, 13b. and 

35 13c, in an unexpended position, the expansion cone segments 7ldaca of the 
expansion cone segment assembly 710 overiap with and are positioned over the 
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expansion cone segments 710bca of the expansion cone segment assembly, adjacent 
to the t>ase of the conical section 705bbb, of the expansion cone segment support 
members 705bb with the outside diameter of the expansion cone segments less than 
or equal to the maximum outside diameter of the assembly. As illustrated in Figs. 14 
5 and 14a, the assembly 700 may then be expanded by displadng the tubular sleeve 
725, the split ring collar 720, and the expansion cone segment assembly 710 in the 
axial direction towards the expansion cone segment support members 705bb. As a 
result, the expansion cone segments, 710aca and 710bca, are driven up the conical 
section 705bbb of the expansion cone segment support memt)ers 705bb and then onto 

10 the cylindrical section 705bbc of the expansion cone segment support members until 
the expansion cone segments impact the end stop 705c. In this manner, the outside 
diameter of the expansion segments, 710aca and 710bca, is greater than the 
maximum diameter of the remaining components of the assembly 700. Furthemrxxe. 
the conical outer surfaces, 710acaa and 710bcaa, of the expansion cone segments, 

15 710aca and 710bca, respectively, may now be used to radially expand a tubular 
member. In an exemplary embodiment, the outer conical surfaces, 71 Oacaa and 
710bcaa, of the expansion cone segments, 710aca and 710bca, respectively, in the 
expanded position of the assembly 700 provide a substantially continuous outer conical 
surfeoes in the circumferential direction. 

20 The assembly 700 may then be returned to the unexpended position by 

displacing the tubular sleeve 720, the split ring collar 715, and the expansion cone 
segment assembly 710 in the axial direction away from the expansion cone segment 
support members 705bb. As a result, the expansion cone segments, 710aca and 
710bca, are displaced off of the cylindrical section 705bbc and the conical section 

25 705bbb and back onto the cylindrical section 705bba of the expansion cone segment 
support members 705bb. Because the collets, 710ac and 710bc, of the expanston 
cone segment assembly 710 are resilient the expansion segments, 710aca and 
710bca, are thereby retiHrned to a position in which the outside diameter of the 
expansion cone segments is less than or equal to the maximum diameter of the 

30 remaining components of the assembly 700. 

In several alternative embodiments, the assembly 700 is incorporated into the 
assemblies 200, 300 and/or 400. 

Referring to Figs. IS and 15a-15j, an altemative embodiment of an apparatus 
800 for fomning a wellbore casing in a subterranean formation will now be described. 

35 The apparatus 800 includes a tubular support member 805 defining an internal 

passage 805a that is coupled to an erul of a tubular coupling 810 defining an intemal 
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passage BlOa. The other end of the tubular coupfing 810 is coupled to an end of a 
tubular support member 815 defining an internal passage 815a having a throat 
passage 815aa that includes a first radial passage 815b, a first flange 815c having a 
second radial passage 815d, a second flange 815e having opposite shoulders, 815ea 

5 and 815eb. a third flange 815f. and an expansion cone support body 815g. The other 
end of the tubular support member 81 5 is coupled to a tubular end stop 820 that 
defhes a passage 820a. 

As illustrated In F^s. 15d and 15e, the expansion cone support body 81 5g 
includes a first end 815ga, a tapered hexagonal portion 815gb that includes a plurality 

10 of T-shaped slots 81 Sgba provided on each of the external faceted surfaces of the 
tapered hexagonal portion, and a second end 815gc. In an exemplary embodiment, 
the angle of attaclc of the tapered hexagonal portion 815gb ranges from about 35 to 50 
degrees for reasons to be descrit)ed. 

As illustrated in FJgs. 15, 15a-15c. and 15f-15j. a plurality of expansion cone 

15 segments 825 are provided that include first ends 825a that include T-shaped retaining 
members 825aa and second ends 825b that include T-shaped retaining members 
825ba that mate with and are received within corresponding T-shaped slots 81 Sgba on 
the tapered hexagonal portion 815gb of the expansion cone support body 81 Sg, first 
external surfaces 825bb, second external surfaces 825bc, and third external surfaces 

20 825bd. Thus, in an exemplary embodiment, a total of six expansion cone segmente 
825 are provided that are slidably coupled to corresponding sides of the tapered 
hexagonal portion 815gb of the expansion cone support body 81 5g. 

In an exemplary embodiment, the widths of the first external surfaces 825bb of 
the expansion cone segments 825 increase in the direction of the second external 

25 surfaces 825bc the widths of the second external surfeoes are substantially constant 
and the widths of the third extemal surfeces 825bd decrease in the direction of the first 
ends 825a of the expansion cone segments for reasons to be described. In an 
exemplary embodiment, the first external surfaces 825bb of the expansion cone 
segments 825 toper upwardly in the direction of the second external surfaces 825bc, 

30 the second extemal surfaces toper upwardly in the direction of the third extemal 
surfaces 825bd. and the third extemal surfaces 825bd toper downwardly In the 
direction of the first ends 825a of the expansion cone segments for reasons to be 
described. In an exemplary embodiment, the angle of attack of the toper of the first 
extemal surfaces 825bb of the expansion cone segmente 825 are greater than the 

35 angte of attack of the toper of the second extomal suriaoes 825bc. In an e»mplary 
embodiment, the first and second extemal surtodes. 825bb and 825bc of the 
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expansion cone segments 825 are arcuate such that when the expansion cone 
segments 825 are displaced in the direction of the end stop 420. the first and second 
external surfaces of the expansion cone segments provide a substantially continuous 
outer drcumferential surface for reasons to t>e described. 
5 As illustrated in Rg. 15i. in an exemplary embodiment the extemal surfaces. 

B25bb, 825bc and 825bd, of the second ends 825b of the expansion cone segments 
825 are adapted to mate with one another In order to interlocic adjacent expanston 
cone segments. 

A split ring collar 830 that defines a passage 830a for receiving the tubular 

1 0 support member 81 5 is provided that includes a first end that includes plurality of T- 
shaped slots 830b for receiving and mating with corresponding T-shaped retaining 
members 825aa of the expansion cone segments 825 and a second end that includes 
an L-shaped retaining member 830c In an exemplary embodiment, the split ring collar 
830 is a conventjpnal split ring collar commercially available from Halliburton Energy 

1 5 Services nr^odified in accordance with the teachings of the present disclosure. 

A dog assembly 835 is provided that includes a tubular sleeve 835a that defines 
a passage 83Saa for receiving the tubular support member 815 and includes a slot 
835ab for receiving and mating with the L-shaped retaining member 830c of the spUt 
ring collar 830, a oountertxm 835ac, and a radial passage 835ad. An end of a load 

20 transfer pin 835b passes through the radial passage 835ad and is coupled to a 

retaining ring 835c that defines a passage 835ca for receiving the flange 815f of the 
tubular support member 815 and Is received within the countert)ore 835ac of the 
tubular sleeve. A ring 835d that defines a passage 835da for receiving the tubular 
support member 815 and a spring 835e are also received within the countertxxe 835ac 

25 of the tubular sleeve 835a between the flange B15f and the end of the counteri^ore: 
The other end of the load transfer pin 835b is coupled to an end of a tubular sleeve 
835f that includes a counterbore 835fa for receiving the tubular sleeve 835a, a radial 
passage 835fl> for receiving a conventional resilient dog 835g, a counterbore 835fc for 
receiving and mating with the flange 815e of the tubular support member 815, a flange 

30 835fd, and a flange 835fe including countert)ores, 835ff and 835fg, that mate with and 
receive the flange 815c of the tubular support member, and a radial passage 835fh, 

A first conventional padcer cup assembly 840 that defines a passage 440a for 
receiving the tubular sleeve 835f includes a first end 840b that mates with the flange 
835fd of the tubidar sleeve 835f, a conventional sealing cup 840c and a second end 

35 840d. A tubular spacer 845 that defines a passage 845a for receiving the tubular 
sleeve 835f includes a first end 845b that mates with the second end 840d of the first 
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packer cup assembly 840 and a second end 845c. A second conventional packer cup 
assembly 850 that defines a passage 850a for receiving the tubular sleeve 835f 
includes a first end 850b that mates with the second end 845c of the spacer 845, a 
conventional sealing cup 8S0c, and a second end 850d that mates with the flange 

5 835fe of the tubular sleeve. 

In an exemplary embodiment, during operafion of the apparatus 800, as . 
illustrated in Figs. 15 and 15a-15J, the apparatus may be initially positioned in the 
wellbore 100, within the casing 1 10. vOh the dog assembly 835 positioned In a neutraJ 
positton in which the radial passage 81 5d of the tubular support member 815 is fluldidy 

10 coupled to the radial passage 835fh of the dog assembly 835 and the expansion oone 
segments 825 are not driven up the tapered hexagonal portion 815gb of the expansion 
cone support body 81 5g of the tubular support member 815 Into contact with the stop 
member 320. In this manner, fluidic materials within the interior 815a of the tutnilar 
support memt>er 815 may pass through the radial passages, 815d and 835fh, into the 

1 5 annulus betv\/een the apparatus 800 and the casing 1 1 0 thereby preventing over 

pressurization of the annulus. Furthermore, in this manner, the outside diameter of the 
expansion cone segments 825 is less than or equal to the outside diameter of the stop 
member 820 thereby penmitting the apparatus 800 to be displaced within the casing 
110. 

20 As illustrated in Figs. 16, and 16a-16c. the apparatus 800 may then be 

posittoned in the tubular member 120. During the insertk)n of the apparatus into the 
tubular member 1 20, the upper end 1 20b of the tubular member may impact the end of 
the resilient dog 835g of tne dog assembly 835 thereby driving the resilient dog 835g 
backwards onto the shoukJer 81 5ea of the flange 815e of the tubular support member 

25 815. As a result of the backward axial displacement of the reslRent dog 835g. the 

tubular sleeve 835f , the pin 835b, the retaining ring 83Sc, the ring 835d. and the spring 
835e of the dog assembly 835 are driven backward thereby compressing the spring 
835e and applying an axial biasing force to the tubular sleeve 835a that prevents the 
expansion cone segments 825 from being displaced toward the end stop 820. 

30 The apparatus 800 may then be at least partially positioned in the open hole 

section 1 15a of the wellbore section 115. beyond the tower end 120c of the tubular 
member 120. In an exemplary embodiment, that portion of the apparatus 800 that 
includes the stop member 820, the expansion cone segments 825, the spTit ring collar 
830, and the dog assembly 835 is then positioned in the open hole sectton 1 1 5a of the 

35 wellbore section 1 1 5. beyond the tower end 1 20 of the tubular member for reasons to 
be described. Because the dog 835g of the dog assembly 835 is resilient, once the 
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apparatus 800 has been positioned in the open hole section 1 15a of the wellbore 
section 1 1 5\ beyond the lower end 120c of the tubular nnember 120, the resilient dog of 
the dog assembly may spring outwardly in the radial direction. 

The apparatus 800 may then be repositioned at least partially back within the 
tubular member 120. During the re-insertion of the appansitus into the tubular member 
120, the lower end 120c of the tubular nDeml)er may impact the ends of the resilient 
dog 835g of the dog assembly 835 thereby driving the resilient dog fonvard until the 
resilient dog is positioned onto the shoulder 815eb of the flange 815e of the tubular 
support member 815. 

As a result of the fon^ axial displacement of the resilient dog 835g, the 
tubular sleeve 835f, the spring 835e, the ring 835d, the ring 835c the pin 835b. and the 
tubular sleeve 835a are displaced in the forward axial direction thereby also displacing 
the split ring collar 830 and the expansion cone segments 825 in the forward axial 
diraction. As a result, the expansion cone segments 825 are driven lip the tapered 
hexagonal portion 815gb of the expansion cone support body 815g of the tubular 
support member 81 5 into contact with the stop member 320. Furthennore, as a result 
of the fonward axial displacement of the tubular sleeve 835f. the radial passages. 81 5d 
and 835fh, are fluididy decoupled. As a result fluidic materials within the tubular 
support member 815 may not pass into the annulus between the tubular support 
member and the tubular member 120. 

As a result of the forward axial displacement of the resilient dog 435e, the 
outside diameter of the expansion cone segments 825 is now greater than the Inside 
diameter of expandable tubular member 120 thereby pemiitting the apparatus 800 to 
be used to radially expand and plastically defomn the tubular member, and fluidic 
materials within the interior 815a of the tubular support member 815 may no longer 
pass through the radial passages, 815d and 455ed. into the annulus between the 
apparatus 800 and the tubular member thereby permitting the interior of the apparatus 
to be pressurized. 

The apparatus 800 may then be operated to radially expand and plastically 
defomi the tubular member 120 by applying an upward axial force to the tubular 
support member 815 and/or by injecting a pressurized fluidic material into the tubular 
support member. 

In particular, as illustrated in Figs. 17 and 17a-17c, the expandable tubular 
member 120 may then be radially expanded using the apparatus 800 by injecting a 
fluidic material 275 into the apparati» through the passages 805a. 810a, 815a, and 
820a. The injecOoh of the fluidic material 275 may pressurize the interior 120a of the 
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expandable tubuhar member 120. In addition, because the packer cup assemblies. 840 
and 850, seal off an annular region 120aa below the packer cup assemblies between 
the expandable tubular member 120 and the tubular support member 815, the injedjon 
or the fluidic material 275 may also pressurize the annular region. 

The continued injection of the fluidic material 275 may then pressurize the 
interior 120a of the expandable tubular member 120 thereby plastically defomiing and 
radially expanding the expandable tubular member off of the expansion cone segments 
825. Because the outer surfaces, 825bb and 825bc, of the expanston cone segments 
825 are tapered, the plastic defonnation and radial expansion of the expandable 
tubular member 120 proximate the expansion cone segments is facilitated, 
Furthemrwe, In an exemplary embodiment, the continued injection of the fluidic 
material 275 also pressurizes the annular region 120aa defined between the Interior 
surface of the expandable tubular member 120 and the exterior surfoce of the tubular 
support memt>er 815 that is bounded on the upper end by the packer cup assembly 
840 and on the tower end by the expansion cone segments 825. Furthermore, in an 
exemplary embodiment the pressurization of the annular region 120aa also radially 
expands at least a portton of the surrounding portton of the expandable tubular member 
120. In this manner, the plastic defbrmatton and radial expansion of the expandable 
tubular member 120 is enhanced. Furthemnore. during operation of tiie apparatus 300, 
the packer cup assemblies 840 and 850 prevent the pressurized fluidic material 275 
from passing above and beyond the packier cup assemblies and thereby define the 
length of the pressurized annular region 120aa. In an exemplary embodiment, the 
pressurization of the annular regton 120aa decreases the operating pressures required 
for plastic deformation and radial expanston of the expandable tubular member 120 by 
as much as 50% and also reduces the angle of attack of the tapered external surfaces, 
825bb and 825bc. of the expansion cone segments 825. 

The radial expansion of the expandable tubular member 120 may then continue 
until the upper end 120b of ttie expandable tubular member is radially expanded and 
plastically deformed atong witi) the overlapping portion of the wellbore casing 110. 
Because ttie expanston cone segments 825 may be adjustably positioned from an 
outskfe diameter less than tiie inside diameter of ttie expandable tubular member 120 
to an outskle diameter substantially equal to the inside diameter of the pre-existing 
casing 1 10, the resulting welibore casing, including the casing 110 and tiie radially 
expanded tubular member 120, created by tiie operation of tiie apparatus 800 may 
have a single substantially constant inside diameter thereby provkling a mono-diameter 
wellbore casing. 
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During the radial expansion process, the expansion oone segments 825 may be 
raised out of the expanded portion of the tubular member 120 by applying an upward 
axial force to the tubular support member 815. In a preferred embodiment during the 
radial expansion process, the expansion cone segments 825 are raised at 
5 approximately the same rate as the tubular member 120 is expanded in order to keep 
the tubular member stationary relative to the new wellbore section 115. 

In a prefenBd embodiment when the upper end portion of the expandable 
tubular member 120 and the lower portion of the wellbore casing 110 that overiap with 
one another are plastically defonmed and radially expanded by the expanston cone 
10 segments 825, the expansion cone segments are displaced out of the wellbore 100 by 
both the operating pressure within the interior of the tubular member 120 and a 
upwardly directed axial force applied to the tubular support member 405. 

In a prefenned embodiment, the operating pressure and flow rate of the fluidic 
material 275 is controllably ramped down when the expansion cone segments 825 
1 5 reach the upper end portion of the expandable tubular member 120. In this manner, 
the sudden release of pressure caused by the complete radial expansion and plastic 
deformation of the expandable tubular member 120 off of the expansion cone 
segments 825 can be minimized. In a prefened embodiment the operating pressure is 
reduced In a substantialiy linear fashion from 100% to about 10% during the end of ttie 
20 extrusion process beginning when the expansion cone segments 825 are within about 
5 feet from completion of the extrusion process. 

Alternatively, or in combination, the wall thickness of ttie upper end portion of 
the expandable tubular meml>er 120 is tapered in order to gradually reduce the 
required operating pressure for plasticaVy defomning and radially expanding the upper 
25 end portion of tiie tubular member, in this manner, shock loading of the apparato is at 
least reduced. 

Alternatively, or in combination, a shock absort^er is provided in the tubular 
support member 805 in order to absori) the shock caused by Uie sudden release of 
pressure. The shock at>sort>er may comprise, for example, any conventional 
30 commerdally available shock absorit>er. bumper sub, or Jars adapted for use in wellbore 
operations. 

Altematively, or In combination, an expanston cone catching structure is 
provided in the upper end portion of the expandable tubular member 120 in order to 
catch or at least decelerate the expansion cone segments 825. 
35 Altematively. or in combination, during the radial expansion process, an upward 

axial force is applied to the tubular support member 815 sufficient to plastically deform 


54 


and radially expand the tubular menit)er 120 off of the external surfeoes, 225bb and 
225t)c of the expansion cone segrnents 825. 

Alternatively, or in combinafon, in order to fadlitate the pressurization of the 
interior 1 20a of the expandable tubular member by the injection of the fluidic materials 
5 275. the region within the wellbore section 115 below the apparatus 800 may be 
fluididy sealed off in a convention manner using, for example, a pack^. 

Once the radial expansion process Is completed, the tubular support member 
805. the tubular support member 810. the tubular support member 815. the end stop 
820. the expansion cone segments 825. the split ring collar 830, the dog assembly 835, 

1 0 the packer cup assembly 840, the spacer 845, and the packer cup assembly 850 are 
removed from the wellt)ores 100 and 115. 

If the expansion cone segments 825 become lodged within the expandable 
tubular member 120 during the radial expansion process, then a ball 280 may be 
placed in the throat 815aa of the passage 615a of the tubular support member 815. 

1 5 The continued injection of the fluUic material 275 foltowing the placement of the ball 
280 in the throat 815aa of the passage 815a of the tubular support member will then 
pressurize the radial passage 815b and an annular portion 835fga of the oounterbore 
835fg. As a result of the pressurization of the annular portion 835fga of the 
counlerit>ore 835fg. the tubular sleeve 835f. the pin 835b. the retaining ring 835c, the 

20 ring 835d, the spring 835e, and the tubular sleeve 835a of the dog assembly 835, and 
the split ring collar 830 are driven backward thereby displacing the expansion cone 
segments 825 backwards in the axial direction away from the end stop 820. In this 
manner, the outside diameter of the expansion cone segments 825 is thereby reduced 
and the apparatus 800 may then'be removed from the expandable tubular member 

25 120. 

Referring now to Figs. 18a, 18b. 18c, and 18d, an embodiment of an adjustable 
expansion cone assembly 900 will be described. The assembly 900 includes a tubular 
support member 905 that defines a passage 905a and includes an expansion cone 
support flange assembly 905b that is coupled to an end stop 910 that defines a 

30 passage 91 Oa. The expansion cone support flange assembly 905b includes a first 
tubular end 905ba. a second tubular end 905bb, and an intemnediate hexagonal 
conical tubular body 905bc that Includes a plurality of substantially identical and equally 
spaced apart expanston cone segment support slots 90Sbcaa-905bcaf on each of the 
facets of the hexagonal tubular body. 

35 A plurality of first expansion oone segments 91 5a-91 5c are provided that 

include T-shaped retaining members 915aa-915ca that mate with and ars movably 
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received within the T-shaped slots 905t)caa, 905bcac, and 905bcae of the hexagonal 
conical tubular body 905bc of the expansion cone support assembly 905b. T-shaped 
retaining members 915ab-915cb, exterior top surfeces 915ao-915cc, exterior top 
surfaces 915ad-915cd. exterior top surfaces 915ae-915ce, exterior top surfaces 915af- 
915cf. and exteriw top surfaces 915ag-915cg. In an exemplary embodiment, the 
exterior top surfaces 915ao-915cc and the exterior top surfaces 915ad-915cd are 
arcuate conical surfaces in which the angle of attack of the exterior top surfaces 915ao> 
915cc is greater than the angle of atteck of the exterior top surfaces 915ad-915od. 

A plurality of second expansion cone segmente 920a*920c. that are interteaved 
with and complementery shaped to the first expansion cone segments 915a-915c, are 
also provided that include T-shaped retaining members 920aa-920ca that mate with 
and are movably received within the T-shaped slote 905bcab, 905bcad, and 905bcaf of 
the hexagonal conical tubular body 905bc of the expansion cone support assembly 
905b, T-shaped retaining members 920ab-920cb, exterior top surfaces 920ao-920cc, 
exterior top surfaces 920ad-920cd, exterior top surfaces 920ae-920ce, exterior top 
surfaces 920af-920cf, and exterior top surfaces 920ag-920cg. In an exemplary 
embodiment, the exterior top surfaces 920ao-920oc and the exterior lop surfaces 
920ad-920cd are arcuate conical surfaces in which the angle of atteck of the exterior 
top surfaces 920ao-920oc Is greater than the angle of atteck of the exterior top 
surfaces 920ad-920cd. 

A split ring collar 925 is provkled that defines a passage 925a for receiving the 
tubular support member 905 that includes an L*shaped reteintng member 925b at one 
end and another end of the split ring collar 925 includes T-shaped stote, 92Sc 925d, 
925e, 925f, 925g, and 925h, for mating with and receiving the T-shaped reteining 
members, 915ab. 920ab. 915bb, 920bb, 915cb. and 920cb, of the expanston cone 
segments, 915a. 920a, 915b, 920b, 915c, and 920c, respectively. A tubufar sleeve 930 
is provided that defines a passage 930a for receiving the tubular support member 905 
and that also includes a stot 930b for receiving and mating with the L-shaped reteining 
member 925b of the split ring collar 925. 

During operation of the assembly 900, as illustrated in Figs. 18a. 18b, 18c. and 
18d. in an unexpended position, the expansion cone segments. 915a. 915b. 915c, 
915d, 920a, 920b, 920c, and 920d are positioned adjacent to the base of the 
hexagonal conical tubular body 905bc of the expanston oone support flange 905b away 
from the end stop 910. In this manner, the outeide diameter of the expanston cone 
segments is less than or equal to the maximum outeide diameter of the assembly. 
Furthermore, in the unexpended position, the expanston cone segmente, 91Sa. 915b, 
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and 91 5c. are positioned further away from the end stop 910 than the expansion cone 
segments, 920a» 920b, and 920c. 

As illustrated in Figs. 19 and 19a, the assembly 900 may then be expanded by 
dispiacbig the tubular sleeve 930 and the split ring collar 925 in the axial direction 
5 towards the expansion cone segment support members 705bb. As a result, the 
expansion cone segments. 915a, 915b. 915c. 920a, 920b. 920c, are driven up the 
hexagonal conical tubular body 905bc of the expansion cone support flange 905b until 
the expansion cone segments impact the end stop 910. In this manner, the outside 
diameter of the expansion segments. 915a, 915b, 915c. 920a. 920b. and 920c is 

10 greater than the maximum diameter of the remaining components of the assembly 900. 
Furthermore, the conical outer surfaces. 91 Sac, 915bc, 915cc, 920ac. 920bc. and 
920cc, and the conical outer surfaces, 915ad. 915bd, 915cd, 920ad, 920bd. and 920cd 
of the expansion cone segments. 915a, 915b. 915c, 920a. 920b, and 920c. 
respectively, may now be used to radially expand a tubular member. In an exemplary 

1 5 embodiment, the outer conical surfaces. 91 5ac, 91 5bc, 91 5cc, 920ac. 920bc, and 

920cc, and the conical outer surfaces, 91 Sad, 915bd, 915cd, 920ad, 920bd, and 920cd 
of the expansion cone segments, 915a, 915b, 915c, 920a. 920b. and 920c, 
respectively, in the expanded position of the assembly 900. pro\^de a substantially 
continuous outer conical surfaces in the circumferential direction. Furthermcm, note 

20 that in the expanded position of the assembly 900.. the first set of expansion cone 
segments, 915a, 915b. and 915c are brought into alignment with the second set of 
expansion cone segments. 920a. 920b, and 920c. 

The assembly 900 may then be returned to the unexpended position by 
displadng the tubular sleeve 930 and the split ring collar 925 in the axial direction away 

25 from the end stop 910. As a result, the expansion cone segments, 915a, 915b, 915c 
920a, 920b, and 920c, are displaced away from the end top 910, down the conical 
hexagonal tubular member 905bc and thereby are returned to a position in which the 
outside diameter of the expansion cone segments is less than or equal to the maximum 
diameter of the remaining components of the assembly 900. 

30 In several altematlve embodiments, the assembly 900 is incorporated into the 

assemblies 200, 300, 400, and 800. 

Refening to Fig. 20a. an embodiment of an expansion cone segment assembly 
1000 includes interiocking expansion cone segments. 1000a, 1000b, 1000c, lOOOd. 
lOOOe, and lOOOf. 
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Referring to Rg. 20b, an embodiment of an expansion oone segment assembly 
1100 includes interlocking expansion oonesegments, 1100a, 1100b, 1100c, llOOd. 
1100b. andHOOf. 

Referring to Fig. 20c an embodiment of an expansion oone segment assembly 
5 1200 includes interlocking expansion oone segments, 1200a, 1200b. 1200c, 1200d. 
1200e, and 1200f. 

Refening to Rg. 20d, an embodiment of an expansion cone segment assembly 
1300 includes interlocking expanston oone segments, 1300a, 1300b, 1300c, 1300d, 
1300e.and1300f. 

10 Referring to Fig. 20e, an embodiment of an expansion cone segment assembly 

1400 includes interiocking expansion cone segments, 1400a. 1400b, 1400c. 1400d, 
1400e. and 1400f. 

Referring to Fig. 20f, an embodiment of an expansion cone segment assembly 
1500 includes interiocking expansion cone segments, 1500a, 1500b. 1500c, ISOOd, 
15 1500e.and1500f. 

Referring to Fig. 20g, an embodiment of an expansion cone segment assembly 
1600 includes interiocking expansion cone segments, 1600a, 1600b, 1600c. 1600d, 
1600e,and 1600f. 

Referring to Fig. 20h, an embodiment of an expanston cone segment assembly 
20 1700 includes interiocking expansion cone segments. 1700a, 1700b, 1700c, 1700d, 
1700e,and1700f. 

Referring to Fig. 20i. an embodiment of an expamion cone segment assembly 
1800 includes interiocking expansion cone segments, 1800a, 1800b, 1800c, 1800d, 
1800e,and1800f. 

25 Referring to Fig. 20J, an embodiment of an expanskm cone segment assembly 

1900 includes interiocking expansion cone segments. 1900a, 1900b, 1900c, 1900d. 
1900e. and 1900f. 

Referring to Rg. 20k, an embodiment of an expansion oone segment assembly 
2000 includes interiocking expansion cone segments, 2000a, 2000b, 2000c. 2000d, 
30 2000e. and 2000f. 

Referring to Fig. 201, an embodiment of an expansion cone segment assembly 
2100 Includes interiocking expansion cone segments. 2100a, 2100b, 2100c, 2100d, 
2100e, and 2100f. 

Referring to Fig. 20m, an embodiment of an expanston cone segment assembly 
35 2200 includes interiocking expansion cone segments. 2200a, 2200b, 2200c, 2200d. 
2200e. and 2200f. 
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The expansion cone segment aesemblies 1000. 1100, 1200. 1300, 1400. 1500, 

1600. 1700. 1800. 1900. 2000. 2100. end 2200 provide enhanced operationel 

properties such as. for example, efficient radial expansion of expandable tubular - 

members and durabiPity during operation. 
5 In several alternative embodiments, the design and operational features of the 

apparatus 200. 300. 400, 500, 600, 700, 800. 900. 1000. 1 100. 1200. 1300. 1400. 

1500. 1600. 1700. 1800. 1900. 2000, 2100. and 2200 may be combined, in whole or in 

part, and/or the design and operational elements of the apparatus 200. 300, 400, 500. 

600. 700. 800. 900. 1000. 1100. 1200. 1300, 1400, 1500, 1600, 1700. 1800. 1900. 
10 2000. 2100. and 2200 may be interspersed among each other. 

In several alternative embodiments, the apparatus 200, 300, 400. 500, 600, 

700. 800, 900. and 1000. 1100. 1200. 1300. 1400. 1500. 1600. 1700. 1800. 1900. 

2000, 2100, and 2200 may be used to form or repair vvelibore casings, pipelines, or 

structural supports. 

15 In several alternative embodiments, the apparatus 200, 300. 400, 500, 600. 

700. 800, 900. 1000, 1100, 1200. 1300. 1400. 1500. 1600. 1700. 1800. 1900. 2000, 
2100. and 2200 include bwo or more expansion cone segments that may be movably 
siqTport and guided on a tapered expansion cone support body that may. for example, 
be conical, or may be a multi-sided botfy. 

20 In several alternative embodiments, the design and operation of the apparatus 

200. 300, 400, 500. 600. 700, 800, 900. 1000. 1100, 1200. 1300. 1400. 1500, 1600. 
1700. 1600, 1900, 2000, 2100. and 2200 are provided substantially as dteclosed in one 
or more of the following: (1) U.S. patent application serial no. 09/454.139. attomey 
dodcet no. 25791.03.02, filed on 12/3/1999. (2) U.S. patent application serial no. 

25 09/510,913. attomey docket no. 25791.7.02. filed on 2/23/2000. (3) U.S. patent 

application serial no. 09/502.350. attorney docket no. 25791.8.02. fUed on 2/10/2000. 
(4) U.S. patent application serial no. 09/440,338, attomey docket no. 25791 .9.02. filed 
on 1 1/15/1999, (5) U.S. patent application serial no. 09/523.460. attomey docket no. 
25791.11.02. filed on 3/10/2000, (6) U.S. patent application serial no. 09/512.895. 

30 attomey docket no. 25791.12.02, filed on 2/24/2000, (7) U.S. patent application serial 
no. 09/511,941. attomey docket no. 25791.16.02. filed on 2/24/2000, (8) U.S. patent 
applicaUon serial no. 09/588.948, attomey docket no. 25791.17.02. filed on 6/7«000. 
(9) U.S. patent application serial no. 09/559.122. attomey docket no. 25791.23.02. filed 
on 4/26/2000. (10) PCT patent applicatton serial no. PCT/USOO/18635. attomey docket 

35 no. 25791.25.02, filed on 7/9/2000. (11) U.S. provisfenal patent applicatton serial no. 
60/162,671. attomey docket no. 25791.27. filed on 11/1/1999. (12) U.S. provistonal 
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patent application serial no. 60/154.047, attorney docket no. 25791 .29. filed on 
9/16/1999, (13) U.S. provisionai patent application serial no. 60/159,082. attorney 
docket no. 25791.34, filed on 10/12/1999. (14) U.S. provisfonal patent application serial 
no. 60/159,039, attorney docket no. 25791.36. filed on 10/12/1999. (15) U.S. 
provisional patent application serial no. 60/159.033, attorney docket no. 25791.37. filed 
on 10/12/1999, (16) U.S. provisfonal patent application serial no. 60/212.359. attorney 
docket no. 25791.38. filed on 6/19/2000. (17) U.S. provisional patent application serial 
no. 60/165,228. attorney docket no. 25791.39, filed on 11/12/1999, (18) U.S. 
provisional patent applicatfon serial no. 60/221,443, attorney docket no. 25791.45, filed 
on 7/28/2000. (19) U.S. provisional patent application serial no. 60/221,645, attorney 
docket no. 25791.46, filed on 7/28/2000, (20) U.S. provisional patent application serial 
no. 60/233,638, attorney docket no. 25791 .47. filed on 9/18/2000, (21 ) U.S. provisfonal 
patent application serial no. 60/237.334, attorney docket no. 25791.48, filed on 
10/2/2000, (22) U.S. provisional patent application serial no. 60/270,007, attorney 
docket no. 25791.50, filed on 2/20/2001; and (23) U.S. provlstonal patent application 
serial no. 60/262,434, attorney docket no. 25791.51, filed on 1/17/2001; and (24) U.S. 
provisional patent applicatfon serial no. 60/259,486, attorney docket no. 25791.52, filed 
on 1/3/2001, the disclosures of whfoh are incorporated herein by reference. 

An apparatus for radially expanding a tutnilar member has t>een descritied that 
indudes a tubular support member that includes a first tubular support body defining a 
longitudinal passage, a first lug coupled to and extending from the first tubular support 
body in the radial direction, a second lug coupled to and extending from the first tubular 
support body in the radial direction, and an expansion cone support body coupled to 
the first tubular support Ixxly. The expansion cone support body includes an N-sided 
tapered tubular support member, wherein each side of the multi-sided tapered tubular 
support member defines a T-shaped stot N expansion cone segments are movably 
coupled to the expansion cone support IxxJy. each including an expansion cone 
segnrient body Including arcuate conical outer surfaces, a first T-shaped retaining 
member coupled to the expansion cone segment body for movably coupling the 
expansion cone segment body to a corresponding one of the T-shaped slots of the 
expansfon cone support body, and a second T-shaped retaining member coupled to 
the expansion cone segment body. A split ring collar assembly Is movably coupled to 
the exterior of the tubular support member that includes a second tubular support body 
defining N T-shaped slots for movably receiving corresponding ones of the second T- 
shaped retaining members of the expansion cone segments, and an L-shaped 
retaining member coupled to the second tubular support body. A first drag block 
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assembly is movably coupled to the tubular support member that includes a first drag 
block body defirdng a slot for receiving and mating with the L-shaped retaining member 
of the spHt ring collar, and a first J-shaped slot for receiving the first lug, and one or 
more first drag blocks coupled to the first drag block body. A second drag block 
5 assembly is movably coupled to the tubular support member that includes a second 
drag block body defining a second J-shaped sk>t for receiving the second lug, and one 
or more second drag blodcs coupled to the second drag block body. Rrst and second 
packer cups are coupled to the tubular support member between the first and second 
drag btock assemblies. 

10 An apparatus for radially expanding a tubular member has also been described 

that includes a tubular support member that includes a first tubular support body 
defining a longitudinal passage, a first flange coupled to the first tubular support body, 
a second flar^e coupled to the first tubular support body, a first tapered flange coupled 
to the first tubular support body, a second tapered flange coupled to the first tubular 

15 support body, and an expansion cone support body coupled to the first tubular support 
body. The expanskin cone support body includes an N-sided tapered tubular support 
member, wherein each side of the multi-stded tapered tubular support member defines 
a T-shaped slot N expanston cone segments are movably coupled to the expansion 
cone support body, each including an expanston cone segment body including arcuate 

20 conical outer surfaces, a first T-shaped retaining member coupled to the expansion 
cone segment body for movably coupling the expansion cone segment body to a 
corresponding one of the T-shaped slots of the expanston cone support body, and a 
second T-shaped retaining member coupled to the expanston cone segment body. A 
split ring collar is movably coupled to the extorter of the tubular support member that 

25 includes a second tubular support body that defines N T-shaped slots for movably 
receiving corresponding ones of the second T-shaped retaining members of the 
expansion cone segments, and an L-shaped retaining member coupled to the second 
tubular support body. A first collet assembly is movably coupled to the tubular support 
member that includes a first tubular sleeve that defines a slot for receiving and mating 

30 with the L-shaped retaining member of the split ring collar, a first counterbore for 
receiving the first flange, and a first radial passage, a first spring received within the 
first counterbore, a first retaining ring received vrithin the first oounteriDore, a first load 
transfer pin coupled to the first retaining ring and extending through the first radial 
passage, a second tubular sleeve coupled to the first load transfer pin, a first resilient 

35 collet coupled to the second tubular sleeve and positioned atx>ve the first tapered 
flange, and a third tubular sleeve coupled to the first resifient collet A second collet 
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assembly movably coupled to the tubular support member that includes a fourth 
tubular sleeve that defines a second counterbore for receiving the second flange, and a 
second radial passage, a second spring received within the second counterbore, a 
second retaining ring received within the second counteridore, a second load transfer 

5 pin coupled to the second retaining ring and extending through the second radial 
passage, a fifth tubular sleeve coupled to the second load transfer pin, a second 
resilient collet coupled to the fifth tubular sleeve and positioned above the second 
tapered flange, and a sixth tubular sleeve coupled to the second resilient collet. First 
and second packer cups coupled to the tubular support member between the first and 

10 second collet assemblies. 

An apparatus for radially expanding a tubular member has also been described 
that Includes a tubular support member that includes a first tubular support body 
defining a longitudinal passage, a first radial passage defined in the first tubular support 
body fluidicly coupled to the longitudinal passage, a first flange coupled to the first 

15 tubular support body, a second flange coupled to the first tubular support body, a first 
tapered flange coupled to the first tubular support body, a second tapered flange 
coupled to the first tubular support body, and an expansion cone support body coupled 
to the first tubular support body. The expansion cone support body includes an N- 
sided tapered tubular support member, wherein each side of the multi-sided tapered 

20 tubular support mennber defines a T-shaped slot N expansion cone segments are 
movably coupled to the expansion cone support body, each including an expanston 
cone segment body Including arcuate conical outer surfaces, a first T-shaped retaining 
member coupled to the expansion cone segntent body for movably coupling the 
expansion cone segnnent body to a corresponding one of the T-shaped stots of the 

25 expansion cone support body, and a second T-shaped retaining member coupled to 
the expansion cone segment body. A split ring collar is nrK)vably coupled to the exterior 
of the tubular support member that includes a second tubular support body that defines 
N T-shaped slots for nfX)vably receiving corresponding ones of the second T-shaped 
retaining members of the expansion cone segments, and an L-shaped retaining 

30 member coupled to the second tubular support body. A first dog assembly is movably 
coupled to the tubular support member that includes a first tubular sleeve that defines a 
slot for receiving and mating with the L-shaped retaining member of the split ring collar, 
a first counteritXHB for receiving the first flange, and a second radial passage, a first 
spring received within the first counterbore, a first retaining ring received within the first 

35 counterbore, a first load transfer pin coupled to the first retsuning ring and extending 
through the second radial passage, and a second tubular sleeve coupled to the first 
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load transfer pin that defines a second countert)ore for receiving ttie first tubular sleeve, 
a first resffient dog coupled to the second tubular sleeve and positioned adjaoent to the 
first tapered flange. A second dog assembly Is movably coupled to the tubular support 
member that includes a third tubular sleeve that defines a second oounterbore for 

5 receiving the second flange, a third radial passage, and a fourth radial passage fluididy 
coupled to the first radial passage, a second spring received within the second 
counterbore. a second retaining ring received within the second countert>ore. a second 
load transfer pin coupled to the second retaining ring and extending through the third 
radial passage, a fourth tubular sleeve coupled to the second load transfer pin, and a 

10 second resilient dog coupled to the fourth tubular sleeve and positioned adjacent to the 
second tapered flange. Rrst and second packer cups are coupled to the tubular 
support member between the first and second dog assemblies. 

An apparatus for radially expanding a tubular member has also been described 
that includes a tubular support member that includes a f»rst tubular support txxly 

15 defining a longitudinal passage including a throat passage, a first radial passage 

defined in the first tubular support body fluididy coupled to the longitudinal passage, a 
first flange coupled to the flrst tubular support body, a second flange coupled to the first 
tubular support body that defines a second radial passage defined in the second flange 
fluidiciy coupled to the longitudirmi passage, a tapered flange coupled to the first 

20 tubular si^port txxly* and an expansion cone support body coupled to the first tubular 
support body. The expansion cone support body indudes an N-sided tapered tubular 
support member, wherein each side of the multi-sided tapered tubular support member 
defines a T-shaped slot N expansion cone segments are movably coupled to the 
expansion cone support body, each induding an expansion conid segment body 

25 induding arcuate conical outer suifttces, a first T-shaped retaining member coupled to 
the expansion cone segment body for movably coupling the expansion cone segment 
body to a corresponding one of the T-shaped slots of the expansion cone support 
body, and a secorxl T-shaped retaining member coupled to the expansion cone 
segment body. A split ring collar is movably coupled to the exterior of the tubular 

30 support member that indudes a second tubular support body that defines N T-shaped 
slots for nK>vably receiving corresponding ones of the second T-shaped retaining 
members of the expansion cone segments, and an L^shaped retaining memt>er 
coupled to the second tubular sup(X}rt body. A dog assembly is movably coupled to 
the tubular support member that indudes a first tubular sleeve that defines a slot for 

35 receiving and mating with the L-shaped retaining member of the split ring collar, a first 
coimtert)ore for receiving the first flange, and a third radial passage, a spring received 
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within the first countertKxe. a retaining ring received within the first oounteft)ore, a load 
transfer pin coupled to the retaining ring and extending through the third radial 
passage, a second tubular sleeve coupled to the first load transfer pin that defines a 
first oounterbore for receiving the first tubular sleeve, a second counterbore for 

5 receiving and noting with the tapered flange, and includes a third flange that defines a 
third counterbore for receiving the second flange, a fourth counterbore for receiving the 
second flange, and a fourth radial passage, and a resilient dog coupled to the second 
tubular sleeve and positioned adjacent to the tapered flange. First and second packer 
cups are coupled to the tubular support member between the resilient dog and the third 

10 flange. 

An adjustable expansion cone assembly has also been described that includes 
a tubular support member that includes a tubular support body and an expansion cone 
support body coupled to the tubular support body. The expansion cone support body 
includes an N-sided tapered tubular support member, wherein each side of the multi- 

1 5 sided tapered tubular support member defines a T-shaped stot. N expansion cone 
segments are movably coupled to the expansion cone support body, each including an 
expansion cone segment body including arcuate conical outer surfaces, a first T- 
shaped retaining member coupled to the expansion cone segment body for movably 
coupling the expansion cone segment body to a corresponding one of the T*shaped 

20 slots of the expansion cone support body, and a second T-shaped retaining member 
coupled to the expansion cone segment body. A split ring collar is movably coupled to 
the exterior of the tubular support member that includes a second tubular support body 
that defines N T-shaped slots for movably receiving corresponding ones of the second 
T-shaped retaining members of the expansion cone segments, and an L-shaped 

25 retaining niember coupled to the second tubular support body. A tubular actuating 
sleeve is movably coupled to the tubular support member that includes a third tubular 
support body that defines a slot for recehring and mating with the L-shaped retaining 
member of the split ring collar. 

An adjustable expansion cone assembly has also been described that includes 

30 a tubular support member that includes a first tubular support body, and an expansion 
cone support body coupled to the tubular support body. The expansion cone support 
body includes a tapered tubular support member defining N stepped slots. An 
expansion cone assembly is movably coupled to the tubular support member that 
includes a second tubular support body movably coupled to the first tubular support 

35 body defining an L-shaped slot, and N expansion cone segments extending from the 
second tubular support member. Each expansion cone segment includes a resilient 
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collet coupled to the second tubular support member, an expansion cone segment 
body coupled to the resilient ooUet including arcuate conical outer surfeces, and a 
retaining niember coupled to the expansion cone segment body for movably coupling 
the expansion cone segment body to a corresponding one of the stepped slots of the 

5 expansion cone support body. A split ring collar is movably coupled to the exterior of 
the tubular support member that includes a third tubular support body, a first L-shaped 
retaining member coupled to the third tubular support body for mating with the L- 
shaped slot of the second tubular support body of the expansion cone assembly, and a 
second L*shaped retaining member coupled to the third tubular body. A tubular 

10 actuating sleeve is movably coupled to the tubular support member that includes a third 
tubular support body that defines a slot for receiving and mating with the second L- 
shaped retaining member of Uie split ring collar. 

An adjustable expansion cone assembly has also been described that includes 
a tubular support member that includes a first tubular support body, and an expar\slDn 

15 cone support body coupled to the tubular support body. The expansion cone support 
body includes a tapered tubular support member defining N slots. An expansion cone 
assembly is movably coupled to the tubular support memt>er that includes a second 
tubular support body movably coupled to the first tubular support body defining an L- 
shaped slot, and N expansion cone segments extending from the second tubular 

20 support member. Each expansion cone segment includes a resilient collet coupled to 
the second tubular support member, an expansion cone segment body coupled to the 
resilient collet including arcuate conical outer surfaces, and a retainirtg member 
coupled to the expansion cone segment body for movably coupling the expansion cone 
segment body to a corresponding one of the slots of the expansion cone support body. 

25 A split ring collar is movably coupled to the exterior of the tubular support member that 
includes a third tubular support body, a first L-shaped retaining memt>er coupled to the 
third tutHJiar support body for mating with the L-shaped slot of the second tubular 
support txxiy. and a secorKi L-shaped retaining member coupled to the third tubular 
support body. A tubular aduating sleeve is movably coupled to the tubular support 

30 memt>er that includes a third tubular support body ttiat defines a slot for receiving and 
mating with the second L-shaped retaining member of the split ring collar. 

An adjustable expansion cone assembly has also been described that includes 
a tubular support member that includes a first tutHilar support body, and an expansion 
cone support body coupled to the tubular support body. The expansion cone support 

35 body includes a tapered tubular support member defining N slots. An expansion cone 
assembly is movably coupled to the tubular support member that includes a second 
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tubular support body movably coupled to the first tubular support body defining an L- 
shaped slot. N/2 first expansion oone segments extending ftbnn the second tubular 
support member, and N/2 second expansion cone segments exteriding from the 
second tubular member. Eadtx first expansion cone segment includes a first resilient 
5 collet coupled to the second tubular support member, a first expanston cone segment 
body coupled to the resilient collet including arcuate conical outer surfaces, and a first 
retaining member coupled to the expansion cone segment body for movably coupling 
the expansion cone segment body to a corresponding one of the slots of the expansion 
cone support body. Each second expansion oone segment includes a second reslDent 

10 collet coupled to the second tubular support member, a second expansion cone 

segment body coupled to the resilient collet including arcuate conical outer surfaces, 
and a second retaining member coupled to the expansion cone segment body for 
movably coupling the expansion cone segment body to a corresponding one of the 
slots of the expansion cone support body. The second expansion cone segments 

1 5 overlap and are interleaved with the first expansion oone segments. A split ring collar 
is movably coupled to the exterior of the tubular support member that includes a third 
tubular support body, a first L-shaped retaining member coupled to the third tubular 
support body for mating with L-shaped slot of the second tubular support body, and a 
second L*shaped retaining member coupled to the third tubular support body. A 

20 tubular actuating sleeve is movably coupled to the tubular support member that 

includes a third tubular support body that defines a slot for receiving and mating with 
the second L-shaped retaining member of the spDt ring collar. 

An adjustable expansion cone assembly has also been described that includes 
a tubular support member that includes a first tubular support body, and an expansion 

25 cone support body coupled to the first tubular support body. The expansion cone 

support body includes an N-sided tapered tubular support member, wherein each side 
of the multi-sided tapered tubular support member defines a T-shaped slot N/2 first 
expansion cone segments are movably coupled to the expansion cone support body, 
each including a first expansion cone segmmt body including arcuate conical outer 

30 surfaces, a first T-shaped retaining member coupled to the first expansion cone 
segment body for movably coupling the first expansion cone segment body to a 
corresponding one of the T*shaped slots of the expansion cone support body, and a 
second T-shaped retaining member coupled to the first expansion cone segment body. 
N/2 second expansion oone segments are also movably coupled to the expansion cone 

35 support body, each including a second expansion cone segment body including 
arcuate conical outer surfaces, a third T-shapied retaining member coupled to the 
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second expansion cone segment body for movably coupling the second expansion 
cone segment body to a corresponding one of the T-shaped slots of the expansion 
cone support body, and a fourth T-shaped retainirig member coupled to the expansion 
cone segment body. The first and second expanston cone segments are interleaved. 
5 The first expansion cone segment bodies are complementary shaped with respect to 
the second expansion cone segment bodies. A spRt ring collar assembly is movably 
coupled to the exterior of the tubular support member that Includes a second tubular 
support body that defines N T-shaped slots for movably receiving corresponding ones 
of the second and fourth T-shaped retaining members of the interleaved first and 

10 second expansion cone segments, and an L-shaped retaining member coupled to the 
second tubular support body. A tubular actuating sleeve movably coupled to the 
tubular support member that Includes a third tubular support body that defines a slot for 
receiving and mating with the L-shaped retaining member of the split ring coDar. 

An apparatus for rediaiiy expanding a tubular member has also been descrit)ed 

15 that includes a tubular support m6mt>er that includes a firet tubular support body 
defining a longitudinal passage, a first lug coupled to and extending from the first 
tubular support body in the radial direction, and a second lug coupled to and extending 
from the first tubular support body in the radial direction. An adjustable expansion cone 
assembly is movably coupted to the tubular support member. A first drag block 

20 assembly is movably coupled to the tubular support member that Includes a first drag 
block t)ody coupled to the adjustable expanston cone assembly that defines: a first J- 
shaped slot for receiving the first lug, and one or nnore first drag btocks coupled to the 
first drag btock body. A second drag btock assembly is movably coupled to the tubular 
support member that includes a second drag block body that defines: a second J- 

25 shaped slot for receiving the second tug, and one or more second drag blocks coupled 
to the second drag btock body. First and second packer cups are coupled to the 
tubular support member between the firet and second drag block assemblies. 

An apparatus for radially expanding a tubular member has also t)een described 
that includes a tubular support member that includes a firet tubular support body 

30 defining a longitudinal passage, a first flange coupled to the firet tubular support body, 
a second flange coupled to the first tubular support body, a firet tapered flange coupled 
to the first tubular support body, and a second tapered flange coupled to the first 
tubular support txxiy. An adjustable expanston oone assembly is movably coupled to 
the tubular support member. A first collet assembly is movably coupled to the tubular 

35 support member that includes a first tubular sleeve coupled to the adjustable expanston 
cone assembly and defines a firet counterbore for receiving the firet flange, and a first 
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radial passage, a first spring received within the first oountert)ore. a first retaining ring 
received within the first oountert)ore. a first load transfer pin coupled to the first 
retaining ring and extending through the first radial passage, a second tubular sleeve 
coupled to the first load trarisfer pin. a first resilient collet coupled to the second tubular 
5 sleeve and positioned above the first tapered fiange, and a third tubular sleeve coupled 
to the first resilient colleL A second collet assembly is movably coupled to the tubular 
support niember that inditdes a fourth tubular sleeve that defines: a second 
countertx)re for receiving the second flange, and a second radial passage, a second 
spring received within the second countert)ore, a second retaining ring received within 

10 the second countertx)re. a second load transfer pin coupled to the second retaining 
ring and extending through the second radial passage, a fifth tubular sleeve coupled to 
the second load transfer pin, a second resilient collet coupled to the fifth tubular sleeve 
and positioned above the second tapered flange, and a sixth tubular sleeve coupled to 
the second resilient collet. First and second packer cups are coupled to the tubular 

1 5 support member between the first and second collet assemblies. 

An apparatus for radially expanding a tubular niember has also been described 
that includes a tubular support member that includes a first tubular support body 
defining a longitudinal passage, a first radial passage defined in the first tubular support 
body fluididy coupled to the longitudinal passage, a first flange coupled to the first 

20 tubular support body, a second fiange coupled to the first tubular support body, a first 
tapered fiange coupled to the first tubular support body, and a second tapered fiange 
coupled to the first tubular support body. An adjustable expansion cone assembly is 
movably ooupted to the tubular support member. A first dog assembly is movably 
coupled to the tubular support member that Includes a first tubular sleeve coupled to 

25 the adjustable expansion cone assembly that defines: a first counterbore for receiving 
the first flange, and a second radial passage, a first spring received within the first 
countertx)re, a first retaining ring received within the first countert)ore, a first load 
transfer pin coupled to the first retaining ring and extending through the second radial 
passage, a second tubular sleeve coupled to the first load transfer pin that defines: a 

30 second countertx)re for receiving the first tubular sleeve, a first resilient dog coupled to 
the second tubular sleeve and positioned adjacent to the first tapered fiange. A second 
dog assembly is mov^ly coupled to the tubular support memt)er that includes a third 
tubular sleeve that defines a second counterbore for receiving the second fiange, a 
third radial passage, and a fourth radial passage fluididy coupled to the first radial 

35 passage, a second spring received within the second countert>ore. a second retaining 
ring received within the second counterbore, a second load transfer pin coupled to the 
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second retaining ring and extending through the third radial passage, a fourth tubular 
sleeve coupled to the second load transfer pin. a seocmd resilient dog coupled to the 
fourth tubular sleeve and positioned adjacent to the second tapered flange. First and 
second packer cups are coupled to the tubular support member between the first and 
5 second dog assemblies. 

An apparatus for radially expanding a tubular member has also been described 
that includes a tubular support member that includes a first tubular support body 
defining a longitudinal passage including a throat passage, a first radial passage 
defined in the first tubular support body fluididy coupled to the longrtudinal passage, a 

10 first flange coupled to the first tubular support t>ody, and a second flange coupled to the 
first tubular support body that defines: a second radial passage defir^ed in the second 
flange fluididy coupled to the longitudinal passage. An adjustable expansion cone 
assembly is movably coupled to the tubular support nriember A dog assembly is 
movably coupled to the tubular support member that indudes a first tubular sleeve 

15 coupled to the adjustable expansbn cone assembly that defines a first counterbore for 
receiving the first flange, and a third radial passage, a spring received within the first 
counterbore, a retaining ring received within the first counterbore, a load transfer pin 
coupled to the retaining ring and extending through the third radial passage, a second 
tubidar sleeve coupled to the first load transfer pin that defines: a fvst counterbore for 

20 receiving the first tubular sleeve, a second counterbore for receiving and mating with 
the tapered flange, and indudes a third flange that defines a third countertx>re for 
receiving the second flange, a fourth counterbore for receiving the second flange, and 
a fourth radial passage, and a resilient dog coupled to the second tubular sleeve and 
positioned adjacent to the tapered flange. First and second packer cups are coupled to 

25 the tubular support member between the resilient dog and the third flange. 

An apparatus for radially expanding a tubular member has also been described 
that indudes a tubular support member, an adjustable expansion cone assembly 
movably coupled to the tubular support member, and means for adjusting the 
ac^ustable expansion cone assembly. 

30 An adjustable expansion cone assembly has also been described that indudes 

a tubular support member. An adjustable expansion cone is movably coupled to the 
tubular support member that indudes a plurality of expansion cone segnrients, and 
means for guiding the expansion cone segments on the tubular support member. The 
assembly further indudes means for adjusting the adjustable expansion cone. 

35 A method of operating an adjustable expansion cone assembly induding a 

plurality of expansion cone segments has also been desonl>ed that indudes guiding the 
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expansion cone segments on a tapered t>ody. and controllably displacing the 
expansion cone segments along the tapered txxJy. 

A method of operating an adjustable expanston cone assembly including a 
pluraiity of expansion cone segments has also been described that includes guiding the 
S expansion cone segments on a multi-sided tapered body, interloddng the expansion 
cone segments, and controllably displacing the expansion cone segments along the 
tapered body. 

A method of operating an adjustable expansion cone assembly induding a 
plurality of expansion cone segments has also been described that includes resilienUy 

10 guiding the expansion cone segments on a multi-sided tapered body, guiding each of 
the expansion cone segments on opposite sides in tiie circumferential direction, 
interlocking Vtte expansion cone segments, and controllably displacing the expansion 
cone segments along the tapered body. 

A method of operating an adjustable expansion cone assembly including a 

15 pluraiity of expansion cone segments has also been described that includes dh/iding 
the expansion cone segments into first and second groups of expansion cone 
segments, interteaving the first and second groups of expansion cone segments, 
overlapping the first and second groups of expansion cone segments* resiiiently 
guiding the expansion cone segments on a multi-sided tapered body, guiding each of 

20 the expansion cone segments on opposite sides in tiie drcunrferential direction, and 
controllably displacing the expansion cone segments along the tapered kxxly. 

A method of operating an adjustable expansion cone assembly including a 
plurality of expansion cone segments has also been described that includes dh^iding 
the expansion cone segments into first ami second groups of expansion cone 

25 segments, interteaving the first and secorid groups of expansion cone segments, 
guiding the expansion cone segments on a multi-sided tapered t>ody. and controllably 
displacing the expansion cone segments along the tapered body while also relatively 
displacing the first and second groups of expansion cone segments In opposite 
directions. 

30 A method of plastically defomning and radially expanding an expandable tubular 

member using an apparatus including a tubular support member, an adjustable 
expansion cone assembly movably coupled to the tubular support member, and an 
actuator movably coupled to the tubular support nmnber for adjusting the adjustable 
expansion cone assembly, has also been descrit>ed that includes coupling a first end of 

35 ttie expandable tubular memtier to a tubular stnicture. locking the actuator to the 
tubular support member of the apparatus, inserting ttie apparatus into the first end of 
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the expandable tubular member, moving the actuator and the adjustable ^cpanslon 
cone assembly of the apparatus out of the second end erf the expandable tubular 
member, reinserting the actuator of the apparatus into the second end of the 
expandable tubular member, unlocking the actuator from the tubular support member 

5 of the apparatus, rotating the actuator relative to the tubular support member of the 
apparatus, and increasing the outside diameter of the adjustable expansion cone 
assembly by moving the tubular support member relative to the actuator, the adjustable 
expansion cone assembly and the expandable tubular member, and plastically 
defomrung arul radially expanding the expandable tubular member by moving the 

10 adjustable expansion cone assembly through the expandable tubular member. 

A method of plastically deforming and radially expanding an expandable tubular 
member uslr^ an apparatus including a tubular sqpport member, an adjustable 
expansion cone assembly movably coupled to the tubular support member, and an 
iactuator movably coupled to the tubular support member for adjusting the adjustable 

15 expansion cone assembly, has also been descnt)ed that includes coupling a first end of 
the expandable tubular member to a tubular structure, inserting the apparatus into the 
first end of the expandable tubular member in a first direction, displacing the actuator of 
the apparatus in a second direction opposite to the first direction, applying a resilient 
biasing force to the adjustable expansion cone assembly in the second direction, 

20 moving the actuator and the adjustable expansion oone assembly of the apparatus out 
of the second end of the expandable tubular member, reinserting the actuator of the 
apparatus Into the second end of the expandable tubular member In the second 
direction, increasing the outside diameter of the adjustable expansion cone assembly 
by displacing the actuator and the adjustable expansion cone assembly relative to the 

25 expandable tubular memt)er in the first direction, and plastically defonning and radially 
expanding the expandable tubular member by moving the adjustable expansion cone 
msembly through the expandable tubular member In the second direction. 

An adjustable expansion cone assembly has also been described that includes 
a plurality of expansion cone segments, means for guiding the expansion cone 

30 segments on a tapered body, and means for controllabiy displacing the exparision cone 
segments along the tapered t>ody. 

An adjustable expansion cone assembly has also been described that includes 
a plurality of expansion oone segments, means for guiding the expansion cone 
segments on a multi*eided tapered body, means for interiocking the expansion oone 

35 segments, and means for controliably displacing the expansion cone segments atong 
the tapered body. 
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An adjustable expansion oone assenrtbly has also been described that indudes 
a plurality of expansion oone segments, means for resillently guiding the expansion 
oone segments on a mutti-sided tapered body, means for guiding each of the 
expansion oone segments on opposite sides in the drcunnferential direction, means for 
5 interlocking the expansion cone segments, and means for oontrollably displadng the 
expansion oone segments along the tapered body. 

An adjustable expansion cone assembly has also been described that indudes 
a plurality of expansion oone segments, means for dividing the expansion cone 
segments into first and second groups of expansion cone segments, means for 

10 interleaving the first and second groups of expansion cone segments, means for 
overlapping the first and second groups of expansion cone segments, means for 
resilierrtly guiding the expansion cone segments on a multi-sided tapered body, means 
for guiding each of the expansion oone segments on opposite sides in the 
drcumferential direction, and means for controliably displadng the expansion cone 

1 5 segments along the tapered txxly. 

An adjustable expansion cone assembly has also been described that indudes 
a plurality of expansion oone segments, means for dividing the expansion cone 
segments into first arKl second groups of expansion cone segments, means for 
interieaving the first and second groups of expansion cone segments, means for 

20 guiding the expansion oone segments on a multi-sMed tapered body, and nrteans for 
oontrollably displadng the expansion cone segments along the tapered body while also 
relatively displadng the first and second groups of expansion cone segments in 
opposite directions. 

An apparatus for plastically deforming and radially expanding an expandable 
25 tubular member has also been described that indudes a tubular support member, an 

adjustable expansion cone assembly movably coupled to the tubular support member. 

means for actuattrtg the adjustable expansion cone assembly, means for locking the 

actuator to the tubular support member of the apparatus, means for untocking the 

actuator from the tubular support member of the apparatus, and means for increasing 
30 the outside diameter of the adjustable expansion cone assembly by nK>ving the tubular 

support member relative to the actuator, the adjustable expansion cone assentf)ly, and 

the expandable tubular memt>er. 

An apparatus for plastically deforming and radially expanding an expandable 

tubular member has also been described that Indudes a tubular support member, an 
35 adjustable expand oone assembly movably coupled to the tubular support member. 

means for aduafing the adjustable expansion cone assembly, means for displadng the 
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actuator of the apparatus in a first direction, means for applying a resilient biasing force 
to the adjustable expansion cone assembly when the actuator is displaced in the first 
direction, and means for increasing the outside diameter of the adjustable expanston 
cone assembly by displacing the actuator and the adjustable expansion cone assembly 
5 relative to the expandable tubular member in a second direction opposite to the first 
direction. 

Although illustrative embodiments of the invention have t>een shown and 
described, a wide range of modification, changes and substitution is contemplated in 
the foregoing disclosure. In some instances, some features of the present invention 
10 may be employed without a corresponding use of the other features. Accordingly, it is 
appropriate that the appended claims be construed broadly and in a manner consistent 
with the scope of the invention. 
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Claims 

1 . A method of radially expanding and plastically defbnning a tubular member, 
comprising; 

5 radially expanding at least a portion of the tubular member by increasing an operating 
pressure of a volume of a fluidic material contained by at least a portion of the 
tubular member, and 

radially exparxling and plastically defomning at least a portion of tiie tubular member by 
displadng an expansion device within the tubular member. 

10 

2. The method of claim 1 , wherein the volume comprises an annular volume. 

3. The method of daim 1 , wherein the expansion device is controllably adjustable 
from a first outside diameter to a second outside diameter. 

15 
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An apparatus for radially expanding a tubular member, comprising: 
a tubular support member comprising: 

a first tubular support tody defining a longitudinal passage; 

a first lug coupled to and extending from the first tubular support body in 

the radial direction; 
a second lug coupled to and extendir^g from the first tubular support 

body in the radial direction; and 
an expansion cone support body coupled to the first tubular support 
body comprising: 

an N-sided tapered tubular support memben 
wherein each side of the multi-sided tapered tubular support 
member defines a T-shaped slot; 
N expansion cone segments movably coupled to the expansion cone support 
body, each comprising: 

an expansion cone segment body including arcuate conical outer 
surfaces; 

a first T^haped retaining member coupled to the expansion cone 

segment body for movably coupling the expansion cone segment 
body to a corresponding one of the T-shaped slots of the 
expansion cone support body; and 

a second T-shaped retaining member coupled to the expansbn cone 
segment body; 

a split ring collar assembly movably coupled to the exterior of the tubular 
support member comprising: 
a second tubular support body defining: 

N T-shaped slots for movably receiving corresponding ones of 
the second T-shaped retaining members of the 
expansion cone segments; and 
an L-shaped retaining member coupled to the second tubular support 
body; 

a first drag block assembly movably coupled to the tubular support mennber that 
comprises: 

a first drag block t>ody defining: 


a slot for receiving and mating with the L-shaped retaining 

member of the split ring collar; and 
a first J-shaped slot for receiving the first lug; and 
one or more first drag blocks coupled to ttie first drag block body; 
a second drag block assembly n(K>vably coupled to the tubular support member 
that comprises: 

a second drag block body defining: 

a second J-shaped slot for receiving the second lug; and 
one or more second drag blocks coupled to the second drag btock body; 

and 

first and second packer cups coupled to the tubular support member between 
the first and second drag block assemblies. 

An apparatus for radially expanding a tubular member, comprising: 
a tubular support member comprising: 

a first tubular support txxly defining a longitudinal passage; 
a first flange coupled to the first tubular support body; 
a second flange coupled to the first tubular support body; 
a first tapered flange coupled to the first tubular support body; 
a second tapered flange coupled to the first tubular support body; and 
an expansion cone support body coupled to the first tubular support 
body comprising: 

an N-skJed tapered tubular support member; 
wherein each skle of the multi-sided tapered tubular support 
memt>er defines a T-shaped slot; 
N expansion cone segments movably coupled to the expansion cone support 
body, each comprising: 

an expansion cone segment body including arcuate conical outer 
surfaces; 

a first T-shaped retaining member coupled to the expansion cone 

segment body for movably coupling the expansion cone segment 
body to a corresponding one of the T-shaped slots of the 
expansion cone support body; and 

a second T-shaped retaining memt)er coupled to the expanston cone 
segment body; 
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a split ring collar movably coupled to the exterior of the tubular support member 
comprising: 

a second tubular support body that defines: 

N T-shaped slots for movably receiving corresponding ones of 
the second T-shap^ retaining members of the 
expansion cone segments; and 
an L-shaped retaining member coupled to the second tubular support 
body: 

a first coUet assembly movably coupled to the tubular support member that 
comprises: 

a first tubular sleeve defining: 

a slot for receiving and mating with the L-shaped retaining 
niember of the split ring collar, 

a first counterix>re for receiving the first flange; and 

a first radial passage; 
a first spring received within the first counterbore; 
a first retaining ring received within the first counterbore; 
a first load transfer pin coupled to the first retaining ring and extending 

through the first radial passage; 
a second tubular sleeve coupled to the first load trarisfer pin; 
a first resilient collet coupled to the second tubular sleeve and 

positioned above the first tapered flange; and 
a third tubular sleeve coupled to the first resilient collet; 
a second coilet assembly movably coupled to the tubular support member that 
comprises: 

a fourth tubular sleeve defining: 

a second countert)ore for receiving the second flange; and 

a secorKi radial passage; 
a second spring received within the second counterbore; 
a second retaining ring received within the second countertx>re; 
a second load transfer pin coupled to the second retaining ring and 

extending through the second radial passage; 
a fifth tubular sleeve coupled to the second load transfer pin; 
a second resilient collet coupled to the fifth tubular sleeve and 

posittoned above the second tapered flange; and 
a sixth tubular sleeve coupled to the second resilient collet; and 
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first and second packer cups coupled to the tubular support member between 
the first and second collet assemblies. 


An apparatus for radially expanding a tubular member, comprising: 
a tubular support member comprising: 

a first tubular support body defining a longitudinal passage; 

a first radial passage defined in the first tubular support body fluididy 

coupled to the longitudinal passage; 
a first flange coupled to the first tubular support body; 
a second flange coupled to the first tubular support body; 
a first tapered flange coupled to the first tubular support body; 
a second tapered flange coupled to the first tubular support body; and 
an expansion cone support body coupled to the first tubular support 

body comprising: 

an N^ded tapered tubular support member, 
wherein each side of the muKi-sided tapered tubular support 
member defines a T-shaped slot; 
N expansion cone segments movably coupled to the expansion cone support 
body, each comprising: 

an expansion cone segment body including arcuate conical outer 
surbces; 

a first T-shaped retaining member coupled to the expansion cone 

segment body for movably coupling the expansion cone segment 
body to a corresponding one of the T-shaped slots of the 
expansion cone support body; and 

a second T-shaped retaining member coupled to the expansion cone 
segment body; 

a split ring collar movably coupled to the exterior of the tubular support member 
comprising: 

a second tubular support body defining: 

N T-shaped slots for movat>ly receiving corresponding ones of 
the second T-shaped retaining members of the 
expansion cone segments: and 
an L-shaped retaining member coupled to the second tubular support 
body; 
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a first dog assembly movably coupled to the tutxilar support member that 
comprises: 

a first tubular sleeve defining: 

a slot for receiving and mating with the L-shaped retaining 
member of the split ring collar; 

a first counterbore for receiving the first flange; and 

a second radial passage; 
a first spring received within the first countertiore; 
a first retaining ring received within the first counterbore; 
a first load transfer pin coupled to the first retaining ring and extending 

through the second radial passage; 
a second tubular sleeve coupled to the first load transfer pin defining: 

a second counterbore for receiving the first tubular sleeve; 
a first resilient dog coupled to the second tubular sleeve and positioned 
' adjacent to the first tapered flange; 
a second dog assembly movably coupled to the tubular support member that 
comprises: 

a third tubular sleeve defining: 

a second counterbore for receiving the second flange; 
a third radial passage; and 

a fourth radial passage fluididy coupled to the first radial 
passage; 

a second spring received within the second oounterbc^e; 

a second retaining ring received within the second countert)ore; 

a second load transfer pin coupled to the second retaining ring and 

extending through the third radial passage; 
a fourth tubular sleeve coupled to the second load transfer pin; 
a second resilient dog coupled to the fourth tubular sleeve and 
positioned adjacent to the second tapered flange; and 
first and second packer cups coupled to the tubular support member between 
the first and second dog assemblies. 


An apparatus for radially expanding a tubular member, comprising: 
a tubular support member comprising: 

a first tubular support body defining a longitudinal passage including a 
throat passage; 
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a first radial passage defined in the.first tubular support body fluididy 

coupled to the longitudinal passage; 
a first flange coupled to the first tubular support body; 
a second flange coupled to the first tubular support body defining: 

a second radial passage defined in the second fiange fluididy 
coupled to the longitudinal passage; 
a tapered flange coupled to the first tubular support body; and 
an expansion oone support body coupled to the first tubular support 

body comprising: 

an N-sided tapered tubular support memben 
wherein each side of the multi-sided tapered tubular support 
member defines a T-shaped slot; 
N expansion cone segments moyably coupled to the expansion cone support 
body, each comprising: 

an expansion cone segment body Induding arcuate conical outer 
surfaces; 

a first T-shaped retaining member ooupled to the expmision cone 

segment body for movably coupling the expansion oone segment 
body to a corresponding one of the T-shaped slots of the 
expansion oone support body; and 

a second T-shaped retaining member ooupled to the expansion cone 
segment txxiy; 

a split ring collar movably ooupled to the extertor of the tubular support member 
comprising: 

a second tubular support body defining: 

N T-shaped slots for movably receiving corresponding ones of 
the second T-shaped retaining members of the 
expansion oone segments; and 
an L-shaped retaining member coupled to the second tubular support 
body; 

a dog assembly movably coupled to the tobular support member that 
comprises: 

a first tubular sleeve deflning: 

a slot for receiving and mating with the L-shaped retoining 

member of the split ring ooHan 
a first counterbore for receivinig the first flange; and 
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a third radial passage; 
a spring received within the first oountertxsre; 
a retaining ring received within the first oountert)ore; 
a load transfer pin coupled to the retaining rir^ and extending through 

the third radial passage; 
a second tubular sleeve coupled to the first load transfer pin that 

defines: 

a first countertx)re for receiving the first tubular sleeve; 
a second counterbore for receiving and mating with the 
tapered flange; and 

comprises: 

a third flartge defining: 

a third counterbore for receiving the second 
flange; 

a fourth counterbore for receiving the second 

flange; and 
a fourth radial passage; and 
a resilient dog coupled to the second tubular sleeve and positioned 
adjacent to the tapered flange; and 
first and second packer cups coupled to the tubular support member between 
the resilient dog and the third flange. 

An adjustable expansion cone assembly, comprising: 
a tubular support member comprising: 
a tubular support body; and 

an expansion cone support body coupled to the tubular support t>ody 

comprising: 

an N-sided tapered tubular support member; 
wherein each side of the multi-sided tapered tubular support 
memt)er defines a T-shaped slot; 
N expansion cone segments movably coupled to the expansion cone support 
body, each comprising: 

an expansion cone segment body including arcuate conical outer 
surfoces; 

a first T-shaped retaining memt)er coupled to the expansion cone 

segment body for movably coupling the expansion cone segment 


bcxiy to a oorresponding one of the T-shaped slots of the 
expansion cone support body; and 
a second T-shaped retaining memt)er coupled to the expansion cone 
segment body; 

a spnt ring collar movably coupled to the exterior of the tubular support member 
oorTq}ri5ing: 

a second tubular support body defining: 

N T*shaped slots for movably receiving corresponding onids of 
the second T-shaped retaining members of the 
expansion cone segments; and 
an L-shaped retaining member coupled to the second tubular support 
body; and 

a tubular actuating sleeve movably coupled to the tubular support member that 
comprises: 

a third tubular support body defining: 

a slot for receiving and mating with the L-shaped retaining 
member of the split ring collar. 

An adjustable expansion cone assembly, comprising: 
a tubular support member comprising: 
a first tubular support body; and 

an expansion cone support body coupled to the tubular support body 
comprising: 

a tapered tubular support member defining N stepped slots; 
an expansion cone assembly movably coupled to the tubular support member 

comprising: 

a second tubular support body movably coupled to the first tubular 

support body defining an L-shaped slot; and 
N expansion cone segments extending from the second tubular support 
member, each expansion cone segment comprising: 

a resilient collet coupled to the second tubular support 
memben 

an expansion cone segment body coupled to the resilient 
collet including arcuate conical outer surfaces; 
and 
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a retaining member ooupled to the expansion cone 

segment body for movably coupling the expansion 
cone segment body to a corresponding one of the 
stepped slots of the expansion cone support 
5 body: 

a split ring collar movably coupled to the exterior of the tubular support member 
comprising: 

a third tubular support body; 

a first L-shaped retaining member coupled to the third tubular support 
10 body for mating with the L-shaped slot of the second tubular 

support body of the expansion cone assembly; and 
a second L*shaped retaining member coupled to the third tubular body; 

and 

a tubular actuating sleeve movably coupled to the tubular support member that 
15 comprises: 

a third tubular support body defining: 

a slot for receiving and mating with the second L^shaped 
retaining member of the split ring collar. 

20 7. An adjustable expansion cone assembly, comprising: 
a tubular support member oomprising: 
a first tubular support body; and 

an expansion cone support body coupled to the tubular support body 
comprising: 

25 a tapered tubular support member defining N slots; 

an expansion cone assembly movably coupled to the tubular support member 
comprising: 

a second tubular support body movably coupled to the first tubular 
support body defining an L-shaped slot; and 
30 N expansion cone segments extending from the second tubular support 

member, each expansion cone segment comprising: 

a resilient collet coupled to the second tubular support 
member; 

an expansion cone segment body coupled to the resilient 
35 collet including arcuate conical outer surfaces; 

and 
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a retaining member coupled to the expansion oone 

segment body for movably coupling the expansion 
oone segment body to a corresponding one of the 
slots of the expansion cone support body; 
a split ring collar movably coupled to the exterior of the tubular support member 
comprising: 

a third tubular support body; 

a first L-shaped retaining member coupled to the third tubular support 
body for mating with the L-shaped slot of the second tubular 
support body; and 

a second L-shaped retaining member coupled to the third tubular 
support t)ody; and 

a tubular actuating sleeve movably coupled to the tubular support member that 
comprtees: 

a third tubular support body defining: 

a slot for receiving and mating with the second L-shaped 
retaining member of the split ring collar. 

An adjustable expansion cone assembly, comprising: 
a tubular support member comprising: 
a first tubular support body; and 

an expansion cone support body coupled to the tubular support body 
comprising: 

a tapered tubular support member defining N slots; 
an expansion bone assembly movably coupled to the tubular support memt)er 
comprising: 

a second tubular support body movably coupled to the first tubular 

support body defining an L-shaped slot; and 
N/2 first expansion cone segments extending from the second tubular 
support member, each first expansion cone segment comprising: 
a first resilient collet coupled to the second tubular 

support member 
a first expansion cone segment body coupled to the 
resilient collet including arcuate conical outer 
surfaces; and 
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a first retaining member coupled to the expansion cone 
segment txxty for movably coupling the expansion 
cone segment body to a corresponding one of the 
slots of the expansion cone support body; 
N/2 second expansion cone segments extending from the second 

tubular support member, each second expansion cone segment 
comprising: 

a second resilient collet coupled to the second tubular 

support member; 
a second expansion cone segment body coupled to the 

resilient collet including arcuate conical outer 

surfaces; and 
a second retaining member coupled to the expansion 

cone segment body for movably cx)upling the 

expansion cone segment body to a conBspondlng 

one of the slots of the expansion cone support 

body; 

wherein the second expansion cone segments overlap and are 
interleaved with the first expansion cone segments; 
a split ring collar nrK)vably coupled to the exterior of the tubular support member 
comprising: 

a third tubular support body; 

a first L-shaped retaining member coupled to the third tubular support 
body for mating with L-shaped slot of the second tubular support 
body; and 

a second L-shaped retaining member coupled to the third tubular 
support body; and 

a tubular actuating sleeve movably coupled to the tubular support member that 
comprises: 

a third tubular support body defining: 

a slot for receiving and mating with the second L-shaped 
retaining member of the split ring collar. 

An adjustable expansion cone assemlriy, comprising: 
a tubular support member comprising: 
a first tubular support body; and 


an expansion cone support body coupled to the first tubular support 
body comprising: 

an N-sided tapered tubular support niember; 
wherein each side of the multi-sided tapered tubular support 
member defines a T-shaped slot; 
N/2 first expansion cone segments movabty coupled to the expansion cone 
support body, each comprising: 

a first expansion cone segment body including arcuate conical outer 
surfaces; 

a first T-shaped retaining member coupled to the first expansion cone 
segment body for movably coupling the first expansion cone 
segment body to a corresponding one of the T-shaped slots of 
the expansion cone support body; arKi 

a second T-shaped retaining member coupled to the first expansion 
cone segment body; 

N/2 second e)q>ansion cone segments movably ooupled to the expansion cone 
support body, each comprising: 

a second expansion cone segment body including arcuate conical outer 
surfeices; 

a third T-shaped retaining member ooupled to the second expansion 
cone segment body for nnovably coupling the second expansion 
cone segment body to a corresponding one of the T-shaped 
stots of the expansion cone support body; and 

a fourth T-shaped retaining rnemt)er coupled to the expansion cone 
segment body; 

wherein the first and second expansion cone segments are interieaved; 
wherein the first expansion cone segment bodies are oomplenoentary shaped 

with respect to the second expansion cone segment bodies; 
a split ring collar assembly movably coupled to the exterior of the tubular 
support member comprising: 
a second tubular support txxJy defining: 

N T-shaped slots for movably receiving corresponding ones of 
the second and fourth T-shaped reteining members of the 
interteaved first and seoorKl expansion cone segments; 
and 
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an L-shaped retaining member coupled to the second tubular support 
body; and 

a tubular actuating sleeve movably coupled to the tubular support member that 

contprises: . 

a third tubular support body defining: 

a slot for receiving and mating with the L-shaped retaining 
member of the split ring collar. 

10. An apparatus for radially expanding a tubular member, comprising: 
a tubular support member comprising: 

a first tubular support body defining a longitudinal passage; 

a first lug coupled to and extending from the first tubular support body in 

the radial direction: and 
a second lug coupled to and extending from the first tubular support 
body in the radial direction; 
an adjustable expansion cone assembly movably coupled to the tubular support 
member; 

a first drag block assembly rhovably coupled to the tubular support member that 
comprises: 

a first drag block body coupled to the adjustable expansion cone 
assembly defining: 

a first J-shaped slot for receiving the first lug; and 
one or more first drag bk>cks coupled to the first drag btock body; 
a second drag block assembly movably coupled to the tubular support member 
that comprises: 

a second drag block body defining: 

a second J-shaped slot for receiving the second lug; and 
one or more second drag blocks coupled to the second drag block body; 

and 

first and second packer cups coupled to the tubular support member between 
the first and second drag block assemblies. 


1 1 . The apparatus of claim 10, wherein the tubular support member further 
comprises: 

an expansion cone support body coupled to the first tubular support body 
comprising: 
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an N-sided tapered tubular support member, 
wherein each side of the midO-sided tapered tubular support 
member defines a T-shaped stot; 
wherein the adjustable expansion cone assembly comprises: 
5 N expansion cone segments movably coupled to the expansion cone 

support body, each comprising: 

an expansion cone segment body indudoig arcuate conical outer 

surfaces; 

a first T-shaped retaining member coupled to the expansion 
10 cone segment body for movably coupling the expansion 

cone segment body to a con^esponding one of the T- 
shaped slots of the expansion cone support bc^y, and 
a second T-shaped retaining member coupled to the expansion 
cone segment body; and 
1 5 a split ring collar movably coupled to the exterior of the tubular support 

member comprising: 
a second tubular support body defining: 

N T-shaped slots for movably receiving corresponding 
ones of the second T-shaped retamtng members 
20 of the expansion cone segments; and 

an L-shaped retaining member coupled to the second tubular 
support body; and 
wherein the first drag block body further defines: 

a slot for receiving and mating with the L-shaped retaining member of 
25 the split ring collar. 

1 2. The apparatus of claim 1 0, wherein the tubular support member further 
comprises: 

an expansion cone support body coupled to the tubular support body 
30 comprising: 

a tapered tubular support member defining N stepped slots; 
wherein the adjustable expansion cone assembly comprises: 

an expansion cone assembly movably coupled to the tubular support 
member oomprising: 

35 a second tubular support body nravably coupled to the first 

tubular support body defining an Lrshaped slot; and 
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N expansion cone segments extending from the second tubular 
support memt)er, each expansion cone segment 
comprising: 

a resilient collet coupled to the second tubular 

support member, 
an expansion cone segment body coupled to the 
resilient collet including arcuate conical 
outer surfaces; and 
a retaining member coupled to the expansion 
cone segment body for movably coupling 
the expansion cone segment body to a 
corresponding one of the stepped slots of 
the expansion cone support body; and 
a split ring collar movably coupled to the exterior of the tubular support 
nnember comprising: 
a third tubular support body: 

a first L-shaped retaining member coupled to the third tubular 
support body for mating with the L-shaped slot of the 
second tubular support body; and 
a second L-shaped retaining member coupled to the third tubular 
support memben 
wherein the first drag block body further defines: 

a slot for receiving and mating with the second L-shaped retaining 
member of the split ring collar. 

1 3. The apparatus of dalm 1 0. wherein the tubular support member further 
comprises: 

an expansion cone support body coupled to the first tubular support body 
comprising: 

a tapered tubular support member defining N slots; 
wherein the adjustable expansion cone assembly comprises: 

an expansion cone assembly movably coupled to the tubular support 
. member comprising: 

a second tubular support body movat>iy coupled to the first 
tubular support body defining an L-shaped slot; and 
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N expansion cone segments extending from the second tubular 
support member, each expansion cone segment 
comprising: 

a resilient collet coupled to the second tubular 

support member, 
an expansion cone segment body coupled to the 
resilient collet including arcuate conical 
outer surfeces; and 
a retaining member coupled to the expansion 
cone segment body for movably coupling 
the expansion cone segment body to a 
corresponding one of the slots of the 
expansion cone support body; and 
a split ring collar movably coupled to the exterior of the tubular support 
member comprising: 
a third tubular support body; 

a first L-shaped retaining member coupled to the third tubular 
support body for mating with Ushaped slot of the second 
tubular support body; and 
a second L-shaped retaining member coupled to the third tubular 
support body; 
wherein the first drag block body further defines: 

a slot for receiving and mating with the second L-shaped retaining 
member of the split ring collar. 

14. The apparatus of daim 10, wherein the tubular support member further 
comprises: 

an expansion cone support body coupled to the tubular support body 
comprising: 

a tapered tubular support member defining N slots; 
wherein the adjustable expansion cone assembly comprises: 

an expansion cone assembly movably coupled to the tubular support 
member comprising: 

a second tubular support body movably coupled to the first 
tubular support body defining an L-shaped sbt; and 
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N/2 first expansion cone segments extending from the second 
. tubular support nriember, each fffst expansion cone 
. segment comprising: 

a first resilient collet coupled to the second tubular 

support mender; 
a first expansion cone segment body coupled to 
the resilient collet including arcuate conical 
outer surfaces; and 
a first retaining member coupled to the expansion 
cone segment body for movably coupling 
the expansion cone segment body to a 
corresponding one of the slots of the 
expanston cone support body; 
N/2 second expansion cone segments extending from the 

second tubular support member, each second expansion 
cone segment comprising: 

a second resilient collet coupled to the second 

tubular support member; 
a second expansion cone segment body coupled 
to the resilient collet including arcuate 
conical outer surfaces; and 
a second retaining member coupled to the 

expansion cone segment body for movably 
coupling the expansion cone segment 
body to a corresponding one of the slots of 
the expansion cone support body; 
wherein the second expansion cone segments overlap 
and are interleaved with the first expansion cone 
segments; and 

split ring collar movably coupled to the exterior of the tubular support 
memt>er comprising: 
a third tubular support body; 

a first L-shaped retaining member coupled to the third tubular 
support body for mating with the L-shaped slot of the 
second tubular support txKiy; and 
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a seoond L-shaped retaining member ooupled to the third tubular 
support body; 
wherein the first drag block body further defines: 

a slot for receiving and mating with the seoond L-shaped retaining 
nnemt>er of the split ring collar. 


1 5. The apparatus of daim 10, wherein the tubular support member furthw 
comprises! 

an expansion cone support body coupied to the firs;t tubular support body 
comprising: 

an N-sided tapered tubular support member; 
wherein each side of the multi-sided tapered tubular support 
memter defines a T-shaped slot; 
wherein the adjustable expansion cone assembly comprises: 

N/2 first expansion cone segments movably coupled to the expansion 
cone support body, each comprising: 
a first ^cpansion oone segment body including arcuate conical 
outer surfaces; 

a first T-shaped retaining member coupled to the first expansion 
cone segment body for movabty coupling the first 
expansion cone segment body to a corresponding one of 
the T-shaped slots of the expartsion cone support body; 
and 

a second T-shaped retaining member coupied to the fffst 

expansion cone segment body; 
IM/2 second expansion cone segments movably coupled to the 
expansion cone support body, each comprising: 
a second expansion cone segment body including arcuate 

conical outer surfaces; 
a third T-shaped retaining nriember coupled to the second 

expansion cone segment body for movably coupling the 

seoond expansion cone segment body to a 

oonesponding one of the T-shaped slots of the expansion 

oone support body; and 
a fourth T-shaped retaining member coupied to the expansion 

oone segment body; 


wherein tho first and second expansion cone segments are interleaved; 
wherein the first expansion cone segment bodies are complementary 

shaped with respect to the second expansion cone segment 

txxlies; and . 

a split ring collar assembly movably coupled to the exterior of the tubular 
support member comprising: 
a second tubular support body defining: 

N T-shaped slots for movably receiving corresponding 
ones of the second and fourth T-shaped retaining 
members of the interleaved first and secorKl 
expansion cone segments; and 
an L-shaped retaining member coupled to the second tubular 
support body; and 
wherein the first drag block body further defines: 

a slot for receiving and mating with the L-shaped retaining member of 
the split ring collar. 


An apparatus for radially expanding a tubular member, comprising: 
a tubular support member comprising: 

a first tubular support body defining a longitudinal passage; 

a first flange coupled to the first tubular support body; 

a second flange coupled to the first tubular support body; 

a first tapered flange coupled to the first tubular support body; and 

a second tapered flange coupled to the first tubular support body; 
an adjustable expansion cone assembly movably coupled to the tubular support 

member, 

a first collet assembly movably coupled to the tubular support member that 
comprises: 

a first tubular sleeve coupled to the adjustable expansion cone 
assembly and defining: 

a first counterbore for receiving the first fiange; and 

a first radial passage; 
a first spring received within the first counterbore; 
a first retaining ring received within the first oountert)orB; 
a first load transfer pin coupled to the first retaining ring and extending 

through the first radial passage; 
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a secsond tubular sleeve coupled to the first load tiansfer pin; 
a first resilient collet coupled to the second tut>ular sleeve and 

positioned above the first tapered flange; and 
a third tubular sleeve coupled to the first resilient collet; 
a second collet assenibly movaUy coupled to the tubular support member that 
comprises: 

a fourth tubular sleeve defining: 

a second counterbore for receiving the second flange; and 

a second radial passage; 
a second spring received within the second counterbore; 
a second retaining ring received within the second counteri^ore; 
a second load transfer pin coupled to the second retaining ring and 

extending through the second radial passage; 
a fifth tubular sleeve coupled to the second load transfer pin; 
a second resilient collet coupled to the fifth tubular sleeve and 

positioned above the second tapered flange; and 
a sixth tubular sleeve coupled to the second resilient collet; and 
first and second packer cups coupled to the tubular support member between 
the first and second collet assemblies. 

1 7. The apparatus of dalm 16. wherein the tubular support member further 
comprises: 

an expansion cone support body coupled to the first tubular support body 
comprising: 

an N-sided tapered tubular support member, 
wherein each side of the multi-sided tapered tubular support 
member defines a T-shaped slot; 
wherein the adjustable expansion cone assembly comprises: 

N expansion cone segments movably coupled to the expansion cone 
support body, each comprising: 

an expansion cone segment body including arcuate conical outer 
surfaces; 

a first T-shaped retaining member coupled to the expansion 

cone segment body for movably coupling the expansion 
cone segment body to a corresponding one of the T- 
shaped slots of the expansion cone support body; and 
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a second T-shaped retaining member coupled to the expansion 
cone segment bodf. and 
a split ring collar movably coupled to the exterior of the tubular support 
member comprising: 
a second tubular support body defining: 

N T-shaped slots for movably receiving corresponding 
ones of the second T-shaped retaining members 
of the expansion cone segments; and 
an L-shaped retaining member coupled to the second tubular 
support body; and 

wherein the first tubular sleeve of the first collet assembly further defines: 

a slot for receiving and mating with the L-shaped retaining member of 
the split ring collar. 

1 8. The apparatus of daim 16, wherein the tubular support member further 
comprises: 

an expansion cone support body coupled to the tubular support body 
comprising: 

a tapered tubular support member defining N stepped stots; 
wherein the adjustable expansion cone assembly comprises: 

an expansion cone assembly movably coupled to the tubular support 
member comprising: 

a second tubular support body movably coupled to the fnrst 
tubular support body defining an L-shaped slot; and 
N expansion cone segnients extending from the second tubular 
support member, each expansion cone segment 
comprising: 

a resilient collet coupled to the second tubular 

support member, 
an expansion cone segnnent body coupled to the 
resilient collet including arcuate conical 
outer surfaces; and 
a retaining member coupled to the expansion 
cone segment body for movably coupling 
the expansion cone segment body to a 
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corresponding one of the stepped slots of 
the expansion cone support t)ody; and 
a split ring ooHar movably coupled to the exterior of the tubular support 
member comprising: 
a third tubular support body: 

a first L-shaped retaining member coupled to the third tubular 
support body for mating with the L-shaped slot of the 
second tubidar support body; and 

a second L-shaped retaining member coupled to the third tubular 
support member; 

wherein the first tubular sleeve of the first collet assembly further defines: 
a slot for receiving and mating with the second L-shaped retaining 
member of the split ring collar. 

19. The apparatus of claim 16, wherein the tubular support member further 
comprises: 

an expansion cone support body coupled to the first tubular support body 
comprteing: 

a tapered tubular support member defining N slots; 
wherein the adjustable expansion cone assembly comprises: 

an expansion cone assembly movably coupled to the tubular support 
member comprising: 

a second tubular support body movably coupled to the first 
tubular support body defining an L-shaped slot; and 

N expansion cone segments extending from the second tubular 
support member, each expansion cone segment 
comprising: 

a resilient collet coupled to the second tubular 

support member, 
an expansion cone segment body coupled to the 

resilient collet including arcuate conical 

outer surfaces; and 
a retaining member coupled to the expansion 

cone segment t>ody for movably coupling 

the expansion cone segment body to a 


corresponding one of the slots of the 
expansion cone support t)ody: and 
a split ring collar movat>iy coupled to the exterior of the tubular support 

member comprising: 

a third tubular support body; 

a first L-shaped retaining member coupled to the third tubular 
support body for mating with L-shaped slot of the second 
tubular support body; and 

a second L-shaped retaining member coupled to the third tubular 
support body; 

wherein the first tubular sleeve of the first collet assembly further defines: 
a slot for receivnig and mating with the second L-shaped retaining 
member of the split ring collar. 

20. The apparatus of dalm 16. wherein the tubular support member further 
comprises: 

an expansion cone support body coupled to the tubular support body 
comprising: 

a tapered tubular support member defining N slots; 
wherein the adjustable expansion cone assembly comprises: 

an expansion cone assembly movably coupled to the tubular support 
nrrember comprfeing: 

a second tubular support body movably coupled to the first 
tubular support body defining an L-shaped slot; and 
N/2 first expansion cone segments extending from the second 
tubular support nnember, each first expansion cone 
segment comprising: 

a first resilient collet coupled to the second tubular 

support member; 
a first expansion cone segment body coupled to 
the resilient collet including arcuate conical 
outer surfaces; and 
a first retaining member coupled to the expansion 
cone segment txxiy for nrK>vably coupling 
the expansion cone segment t>ody to a 
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corresponding one of the slots of the 
expansion cone support hod^l 
W2 second expansion cone segments extending from the 

second tubular support member, each second expansion 
5 cone segment comprising: 

a second resilient collet coupled to the second 

tubular support member; 
a second expansion cone segment body coupled 
to the resilient collet including arcuate 
10 conical outer surfaces; and 

a second retaining member coupled to the 

expansion cone segment body for nrK)vably 
coupling the expansion cone segment 
body to a corresponding one of the slots of 
15 the expansion cone support body; 

wherein the second expansion cone segments overlap 
and are interieaved with the first expansion cone 
segments; and 

a split ring collar movably coupled to the exterior of the tubular support 
20 nnember con9)rising: 

a third tubular support body; 

a first L-shaped retaining mender coupled to the third tubular 
support body for mating with the L-shaped slot of the 
second tubular support body; and 
25 a second L-shaped retaining member coupled to the third tubular 

support body; 

wherein the first tubular sleeve of the first collet assembly further defines: 
a slot for receiving and mating with the second L-shaped retaining 
nriember of the split ring collar. 

30 

21 . The apparatus of daim 16. wherein the tubular support member further 
comprises: 

an expansion cone support body coupled to the first tubular support body 
oomprislng: 

35 an N-sided tapered tubular support member; 
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wherein each side of the multi-sided tapered tubular support 
memt)er defines a T-shaped slot; 
wherein the adjustable expansion cone assembly comprises: 

N/2 first expansion cone segments movabty coupled to the expansion 
cone support body, each comprising: 
a first expansion cone segment body Including arcuate oonicai 
outer surfaces; 

a first T*shaped retaining member coupled to the first expansion 
cone segment body for movably coupling the first 
expansion cone segment body to a corresponding one of 
the T-shaped slots of the expansion cone support body; 
and 

a second T-shaped retaining member coupled to the first 

expansion cone segment body; 
N/2 second expansion cone segments movably coupled to the 
expansion cone support body, each oompnsing: 
a second expansion cone segment body including arcuate 

oonicai outer surfaces; 
a third T-shaped retaining member coupled to the second 

expansion cone segment body for movably coupling the 

second expansion cone segment body to a 

corresponding one of the T-shaped slots of the expansion 

cone support body; and 
a fourth T-shaped retaining member coupled to the expansion 

cone segment body; 
wherein the first and second expansion cone segments are interleaved; 
virherein the first expansion cone segment bodies are complementary 
shaped with respect to the second expansion cone segment 
bodies; and 

a split ring coUar assembly movably coupled to the exterior of the tubular 
support member comprising: 
a second tubular support body defining: 

N T-shaped slots for movably receiving corresponding . 
ones of the second and fourth T-shaped retaining 
mennbers of the interleaved first and second 
expansion cone segnoents; and 


99 


an L-shaped retaining nnember coupled to the second tubular 
support body: and 

wherein the first tubular sleeve of the first collet assembly further defines: 

a slot for receiving and nnating with the L-shaped retaining member of 
the split ring collar. 


An apparatus for radially expanding a tubular member, comprising: 
a tubular support member comprising: 

a first tubular support body defining a longitudinal passage; 

a first radial passage defined in the first tubular support body fluididy 
coupled to the longitudinal passage: 

a first flange coupled to the first tubular support body; 

a second flange coupled to the first tubular support body; 

a first tapered flange coupled to the first tubular support body; and 

a second tapered flange coupled to the first tubular support body; 
an adjustable expansion cone assembly movably coupled to the tubular support 

member; 

a first dog assembly movably coupled to the tubular support member that 
comprises: 

a first tubular sleeve coupled to the adjustable expansion cone 
assembly defining: 

a first counterbore for receiving the first flange; and 

a second radial passage; 
a first spring received within the first countert>ore; 
a first retaining ring received within the first countert)ore; 
a first load transfer pin coupled to the first retaining ring and extending 

through the second radial passage; 
a second tubular sleeve coupled to the first load transfer pin defining: 

a second counterbore for receiving the first tubular sleeve; 
a first resilient dog coupled to the second tubular sleeve and positioned 

adjacent to the first tapered fiange; 
a second dog assembly movably coupled to the tubular support memt>er that 
oomprises: 

a third tubular sleeve defining: 

a second countertxxe for receiving the second flange; 
a third radial passage; and 


100 

a fourth radial passage fluididy coupled to the first radial 
passage; 

a second spring received within the second oounterbore; 
a second retaining ring received within the second countert)ore: 
5 a second load transfer pin coupled to the second retaining ring and 

extending through the third radial passage; 
a fourth tubular sleeve coupled to the second load transfer pin; 
a second resilient dog coupled to the fourth tubular sleeve and 
positioned adjacent to the second tapered flange; and 
10 first and second packer cups coupled to the tubular support meniber between 

the first and second dog assemblies. 


23. The apparatus of daim 22, wherein the tubular support member further 
comprises: 

15 an expansion cone support body coupled to the first tubular support body 

comprising: 

an i^sided tapered tubular support member, 
wherein each side of the multi-sided tapered tubular support 
member defines a T-shaped slot; 
20 wherein the adjustable expansion cone assembly comprises: 

N expansion cone segments movably coupled to the expansion cone 
support body, each comprising: 

an expansion cone segment body including arcuate conical outer 
surfaces; 

25 a first T-shaped retaining member coupled to the expansion 

cone segment body for movably coupling the expansion 
cone segment body to a corresponding one of the T- 
shaped slots of the expansion cone support txMJy; and 
a second T-shaped retaining member coupled to the expanston 
30 cone segment body; and 

a split ring collar movably coupled to the exterior of the tubular support 
mendber comprising: 
a second tubular support body defining: 

N T-shaped slots for movably receiving corresponding 
35 ones of the second T-shaped retaining members 

of the expansion cone segments; and 
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an L-shaped retaining member coupled to the second tubular 
support body; and 

wherein the first tubular sleeve of the first dog assembly further defines: 

a slot for receiving and mating with the L-shaped retaining member of 
the split ring collar. 


24. The apparatus of daim 22, wherein the tubular support member further 
comprises: 

an expansion cone support body coupled to the tubular support body 
comprising: 

a tapered tubular support member defining N stepped slots; 
wherein the adjustable expansion cone assembly comprises: 

an expansion cone assembly movably coupled to the tubular support 
member comprising: 

a second tubular support body movably coupled to the first 
tubular support body defining an L-shaped slot; and 

N expansion cone segments extending from the second tubular 
siupport member, each expansion cone segment 
oomprisif^: 

a resilient collet coupled to the second tubular 

support member; 
an expansion cone segment body coupled to the 
resilient collet Including arcuate conical 
outer surfaces; and 
a retaining member coupled to the expansion 
cone segment body for movably coupling 
the expansion cone segment body to a 
conrespondtng one of the stepped slots of 
the expansion cone support body; and 
a split ring collar movably coupled to the exterior of the tubular support 
memt>er comprising: 
a third tubular support body: 

a first L*8haped retaining member coupled to the third tubular 
support body for mating with the L-shaped slot of the 
second tubular support body; and 
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a second L-shaped retaining member coupled to the third tubular 
support member and 
wherein the first tubular sleeve of the first dog assembly further defines: 
a stot for receiving and mating with the second L-shaped retaining 
5 member of the spilt ring collar. 

25. The apparatus of daim 22. wherein the tubular support member further 
comprises: 

an expansion cone support body coupled to the first tubular support body 
10 comprising: 

a tapered tubular support member defining N slots; 
wherein the adjustable expansion cone assembly comprises: 

an expansion cone assembly movably coupled to the tubular support 
member comprising : 

15 a second tubular support body movably coupled to the first 

tubular support body defining an L-shaped slot; and 
N expansion cone segments extending from the second tubular 
support menrA)er, each expansion cone segnient 
comprising: 

20 a resilient collet coupled to the second tubular 

support memben 
an expanston cone segment body coupled to the 
resilient collet including arcuate conical 
outer surfaces; and 

25 a reteining member coupled to the expansion 

cone segment body for movably coupling 
the expansion cone segment body to a 
corresponding one of the stots of the 
expansion cone support body; and 
30 a split ring collar movably coupled to the exterior of the tubular support 

member comprising: 
a third tubular support body; 

a first L-shaped reteining member coupled to the third tubular 
support body for mating with L-shaped stot of the second 
35 tubular support body; and 
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a second L-shaped retaining member coupled to the third tubular 
support body; and 

wherein the first tubular sleeve of the first dog assembly further defines: 
a slot for receiving and mating with the second L-shaped retaining 
5 member of the split ring coDar. 

26. The apparatus of daim 22, wherein the tubular support member further 
comprises: 

an expansion cone support body coupled to the tubular support body 
10 comprising: 

a tapered tubular support member defining N slots; 
wherein the adjustable expansion cone assembly comprises: 

an expansion cone assembly movably coupled to the tubular support 
member comprising: 

15 a second tubular support body movably coupled to the first 

tubular support body defining an L-shaped slot; and 
N/2 first expansion cone segments extending firom the second 
tubular support member, each first expansion cone 
segment comprising: 

20 a first resilient collet coupled to the second tubular 

support member 
a first expansion cone segment body coupled to 
the resilient collet Including arcuate conical 
outer surfaces; and 

25 a first retaining member coupled to the expansion 

cone segment body for movably coupling 
the expansion cone segment t)ody to a 
conBsponding one of the slots of the 
expansion cone support body; 
30 IM/2 second expansion cone segn>ents extending from the 

second tubular support member, each second expansion 
cone segment comprising: 

a second resilient collet coupled to the second 
tubular support member; 
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. a second expansion cone segnient body coupled 
to the resiOent collet including arcuate 
conical outer surfaces; and 
a second retaining member coupled to the 
5 expansion cone segment body for movably 

coupling the expansion cone segment 
body to a connesponding one of the slots of 
the expansion cone support body; 
wherein the second expansion cone segments overlap 
10 and are Interleaved with the first expansion cone 

segments; and 

a spnt ring collar movably coupled to the exterior of the tubular support 
member comprising: 
a third tubular support body; 
15 a first L-shaped retaining member coupled to the third tubular 

support body for mating with the L-shaped slot of the 
second tubular support body; and 
a second L-shaped retaining member coupled to the third tubular 
support body; and 

20 wherein the first tubular sleeve of the first dog assembly further defines: 

a slot for receiving and mating with the second L-shaped retaining 
member of the split ring collar. 


27. The apparatus of daim 22, wherein the tubular support member further 
25 comprises: 

an expansion cone support body coupled to the first tubular support body 
comprising: 

an N-sided tapered tubular support member; 
wherein each side of the multi-sided tapered tubular support 
30 member defines a T-shaped slot; 

wherein the adjustable expansion cone assembly comprises: 

N/2 first expansion cone segments movably coupled to the expansion 
cone support body, each comprising: 
a first expanston cone segment body including arcuate conical 
35 outer surfaces; 


a first T-shaped retaining nrtember coupled to the first expansion 
cone segnient body for movabty coupling the first 
expansion cone segment body to a corresponding one of 
the T-shaped slots of the expansion cone support body; 
and 

a second T-shaped retaining member coupled to the first 

expansion cone segment body; 
N/2 second expansion cone segments movably coupled to the 
expansion cone support body, each comprising: 
a second expansion cone segment body including arcuate 

conical outer surfaces; 
a third T-shaped retaining member coupled to the second 

expansion cone segment body for nrK)vably coupling the 

second expansion cone segnnent body to a 

corresponding one of the T-shaped slots of the expansion 

oone support body, and 
a fourth T-shaped retaining member coupled to the expansion 

cone sisgnfient body; 
wherein the first and second expansion cone segments are interleaved; 
. wherein the first expansion oone segment bodtes are complementary 
shaped with respect to the second expansion cone segment 
bodies; and 

a split ring collar assembty movably coupled to the exterior of the tubular 
support member comprising: 
a second tubular support t>ody defining: 

N T-shaped slots for movably receiving corresponding 
ones of the second and fourth T-shaped retaining 
members of the interleaved first and second 
expansion cone segments; and 
an L-shaped retaining nrtember coupled to the second tubular 
support body; and 
wherein the first tubular sleeve of the first dog assembly further defines: 

a slot for receiving and mating with the L-shaped retaining member of 
the split ring collar. 


An apparatus for radially expanding a tubular member, comprising: 
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a tubular support member comprising: 

a first tubular support body defining a longitudinal passage including a 
throat passage; 

a first radial passage defined In the first tubular support body fluididy 

coupled to the longitudinal passage; 
a first flange coupled to the first tubular support body; 
a second flange coupled to the first tubular support body defining: 
a second radial passage defined in the second flange fluididy 
coupled to the longitudinal passage; and 
an adjustable expanston cone assembly movably coupled to the tubular support 
member; 

a dog assembly movably coupled to the tubular support member that 
comprises: 

a first tubular sleeve coupled to the adjustable expansion cone 
assembly defining: 

a first counterbore for receiving the first flange; and 

a ttiird radial passage; 
a spring received within the first counterbore; 
a retaining ring received within the first counterbore; 
a load transfer pin coupled to the retaining ring and extending through 

the third radial passage; 
a second tubular sleeve coupled to the first load transfer pin that 

defines: 

a first counterbore for receiving the first tubular sleeve; 
a second counterbore for receiving and mating wKh the 
tapered flange; and 

comprises: 

a third flange defining: 

a third counteri^ore for receiving the second 
flange; 

a fourth counterbore for receiving the second 

flange; and 
a fourth radial passage; and 
a resilient dog coupled to the second tubular sleeve and positioned 
adjacent to the tapered flange; and 
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first and second packer cups coupled to the tubular support member between 
the resilient dog and the third flange. 

29. The apparatus of daim 28. wherein the tubular support member further 
5 comprises: 

an expansion cone support body coupled to the first tubular support body 
comprising: 

an N-sided tapered tubular support memben 
wherein each side of the multi-sided tapered tubular support 
10 member defines a T-shaped slot; 

wherein the adjustable expansion cone assembly comprises: 

N expansion cone segments movably coupled to the expansion cone 
support body, each comprising: 

an expansion cone segment body induding arcuate conical outer 
15 surfaces; 

a first T-shaped retaining member coupled to the expansion 

cone segment body for movably coupling the expansion 
cone segment body to a corresponding one of the T- 
shaped slots of the expansion cone support body; and 
20 a second T-shaped retaining member coupled to the expansion 

cone segment body; and 
a split ring collar movably coupled to the exterior of the tubular support 
memt)er comprising: 
a second hJbular support body defining: 
25 N T-shaped slots for movably receiving corresponding 

ones of the second T-shaped retaining members 
of the expansion cone segments; and 
an L-shaped retaining member coupled to the second tubular 
support body; and 

30 wherein the first tubular sleeve of the dog assembly further defines: 

a slot for receiving and mating with the L-shaped retaining member of 
the split ring collar. 

30. The apparatus of daim 28« wherein the tubular support member further 
35 comprises: 
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an expansion oone support body coupled to the tubular support body 
comprising: 

a tapered tubular support member defining N stepped slots; 
wherein the adjustable expansion cone assembly comprises: 
5 an expansion cone assembly movably coupled to the tubular support 

member comprising: 

a second tubular support body movably coupled to the first 
tubular support body defining an L-shaped slot; and 

N expansion cone segments extending from the second tubular 
10 support member, each expansbn cone segment 

comprising: 

a resilient collet coupled to the second tubular 

support memben 
an expansion cone segment body coupled to the 
15 resilient collet including arcuate conical 

outer surboes; and 
a retaining member coupled to the expansion 
cone segment body for movably coupling 
the expansion cone segment body to a 
20 corresponding one of the stepped slots of 

the expansbn cone support body; and 
a split ring collar movably coupled to the exterior of the tubular support 
ntember comprising: 
a third tubular support body: 
25 a first L-shaped retaining member coupled to the third tubular 

support body for mating with the L-shaped slot of the 
second tubular support body; and 
a second L-shaped retaining member coupled to the third tubular 
support memt>en and 
30 wherein the first tubular sleeve of the dog assembly further defines: 

a slot for receiving and mating with the second L-shaped retaining 
member of the split ring collar. 


35 


31 . The apparatus of claim 28, wherein the tubular support memt>er further 
comprises: 
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dn expansion oone support body coupled to the first tubular support body 
comprising: 

a tapered tubular support manber defining N slots; 
wherein the adjustable expansion oone assembly comprises: 
5 an expansion cone assembly movably coupled to the tubular support 

member comprising: 

a second tubular support body movably coupled to the first 
tubular support body defining an L-shaped slot; and 
N expansion cone segments extending from the second tubular 
10 support member, each expansion cone segment 

comprising: 

a resilient collet coupled to the second tubular 

support member; 
an expansion cone segment t>ody coupled to the 
15 resilient collet including arcuate conical 

outer surfaces; and 
a retaining member coupled to the expansion 
oone segment body for movably coupling 
the expansion cone segment bocfy to a 
20 corresponding one of the slots of the 

expansion cone support body; and 
a split ring collar movably coupled to the exterior of the tubular support 
member comprising: 
a third tubular support body; 
25 a first L-shaped retaining member coupled to the third tubular 

support body for mating with L-shaped slot of the second 
tubular support body; and 
a second L-shaped retaining member coupled to the third tubular 
support body; and 

30 wherein the first tubular sleeve of the dog assembly further defines: 

a slot for receiving and mating with the second L-shaped retaining 
member of the split ring collar. 


32. The apparatus of daim 28, wherein the tubular support memtier further 
35 comprises: 
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an expansion cone support body coupled to the tubular support body 
oomprising: 

a tapered tubular support member defining N slots; 
wherein the adjustable expansion cone assembly comprises: 

an expansion cone assembly movabty coupled to the tubular support 
member oomprising: 

a second tubular support body movabty coupled to the first 
tutnilar support body defining an L-shaped slot; and 
N/2 first expansion cone segments extending from the second 
tubular support member, each first expansion cone 
segment comprising: 

a first resilient collet coupled to the second tubular 

support member; 
a first expansion cone segment body coupled to 
the resilient collet including arcuate conical 
outer surfaces; and 
a first retaining member coupled to the expansion 
cone segment body for movably coupling 
the expansion cone segment body to a 
corresponding one of the slots of the 
expansion cone support body; 
N/2 second expansion cone segments extending from the 

second tubular support member, each second expansion 
cone segment comprising: 

a second resilient collet coupled to the second 

tubular support member; 
a second expansion oone segment body coupled 
to the resilient collet including arcuate 
conical outer surfaces; and 
a second retaining member coupled to the 

expansion oone segment body for movably 
coupling the expansion cone segment 
body to a corresponding one of the slots of 
the expansion oone support body; 
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wherein the seoond expansion cone segments overlap 
and are interleaved with the first expansion cone 
segments; and 

a split ring collar movabiy coupled to the exterior of the tubular support 
5 member comprising: 

a third tubular support body; 

a first L-shaped retaining member coupled to the third tubular 
support body for mating with the L-shaped slot of the 
second tubular support body; and 
10 a second L-shaped retaining member coupled to the third tubular 

support body; and 
wherein the first tubular sleeve of the dog assembly further defines: 

a slot for receiving and mating with the second L-shaped retaining 
member of the split ring collar. 

15 

33. The apparatus of daim 28, wherein the tubular support member further 
comprises: 

an expansion cone support body coupled to the first tubular support body 
comprising: 

20 an N-sided tapered tubular support member; 

wherein each side of the multi-sided tapered tubular support 
member defines a T-shaped slot; 
wherein the adjustable expansion cone assembly comprises: 

first expansion cone segments movabiy coupled to the expansion 
25 cone support body, each comprising: 

a first expansion cone segment body including arcuate conical 
outer surfaces; 

a first T-shaped retaining member coupled to the first expansion 
cone segment body for movabiy coupling the first 
30 expansion cone segment body to a corresponding one of 

the T-shaped slots of the expansion cone support body; 
and 

a second T-shaped retaining member coupled to the first 
expansion cone segment body; 
35 N/2 second expansion cone segments movabiy coupled to the 

expansion oone support body» each comprising: 
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a second expansion cone segnnent body including arcuate 

conical outer surfaces; 
a third T-shaped retaining memt>er coupled to the second 

expansion cone segment body for movably coupling the 
5 second expansion cone segntent body to a 

corresponding one of the T-shaped slots of the expansion 

cone support body; and 
a fourth T-shaped retaining member coupled to the expansion 

cone segment body; 

10 wherein the first and second expansion cone segments are interleaved; 

wherein the first expansion cone segment bodies are complementary 
shaped with respect to the second expansion cone segment 
bodies; and 

a split ring collar assembly movably coupled to the exterior of the tubular 
15 support member comprising: 

a second tubular support body defining: 

N T-shaped slots for movably receiving corresponding 
ones of the second and fourth T*shaped retaining 
members of the interleaved first and second 
20 expansion cone segments; and 

an L-shaped retaining ntember coupled to the second tubular 
support body; and 
wherein the first tubular sleeve of the dog assembly further defines: 

a sfot for receiving and noting with the L-shaped retaining member of 
25 the split ring collar. 

34. An apparatus for radially expanding a tubular member, comprising: 
a tubular support member; 

an adjustable expansion cone assembly movably coupled to the tubular support 
30 member; and 

means for adjusting the adjustable expansion cone assembly. 
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35. The apparatus of claim 34. wherein the means for adjusting the adjustable 
expansion cone assembly comprises: 

fridional means for adjusting the adjustable expansion cone assembly. 
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36. The apparatus of daim 34. wherein the means for adjusting the adjustable 
expansion oone assend>ly comprises: 

re»fient means for adjusting the adjustable expansion cone assembly. 

37. An adjustable expansion oone assembly, comprising: 
a tubular support member; 

an adjustable expansion cone movably coupled to the tubular support member, 
comprising: 

a plurality of expansion cone segments; and 
means for guiding the expansion cone segments on the tubular support 
member; and 
means for adjusting the adjustable expansion cone. 

38. The adjustable expansion cone assembly of daim 37, wherein the adjustable 
expansion cone further comprises: 

means for Interiocking the expansion cone segments. 

39. The adjustable expansion cone assembly of daim 37, wterein the means for 
adjusting the adjustable expansion cone comprises: 

resilient means for supporting the expansion cone segments. 

40. The adjustable expansion cone assembly of daim 37, wherein the expansion 
oone segments indude firet and secorid interieaved groups of expansion cone 
segments. 

41 . The adjustable expansion cone assembly of daim 40. wherein the means for 
adjusting the adjustable expansion cone comprises: 

means for displadng the first and second Interieaved groups of expansion cone 
segments in opposite directions. 

42. A method of operating an adjustable expansion cone assembly comprising a 
plurality of expansion oone segments, comprising: 

guiding the expansion oone segments on a tapered body; and 

oontrollably displacirig the expansion oone segments along the tapered body. 


43. The method of daim 42, further comprising: 
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resilientiy guiding the expansion oone segments on the tapered body. 


44. The method of daim 42, further comprising: 
interlocking the expansion cone segments. 

45. The method of daim 42. further comprising: 
dividing the expansion cone segments into first and second groups of 

expansion cone segments; and 
Interieaving the first and second groups of expansion cone segments. 

46. Themethodof daim 45. further comprising: 

overlapping the first and second groups of expansion cone segments. 

47. The method of daim 45, wherein controliably displadng the expansion cone 
1 5 segments along the tapered body comprises: 

displadng the first and second interleaved groups of expansion cone segments 
in opposite directions. 


10 


48. A method of operating an adJi^Ue expansion oone assembly comprising a 
20 plurality of expansion cone segments, comprising: 


guiding the expansion cone segments on a multi-sided tapered body; 
interlocking the expansion oone segments; and 

controliably displadng the expanskm oone segments atong the tapered body. 

25 

49. A method of operating an adjustable expansion cone assembly comprising a 
plurality of expansbn cone segments, comprising: 

resiliently guiding the expansion cone segments on a multi-skJed tapered body; 
guiding each of the expansion cone segments on opposite sides in the 
30 drcumferential direction; 

intertocking the expanston oone segments; and 

controliably displadng the expansion cone segments atong the tapered body. 

50. A method of operating an adjustable expansion cone assembly comprising a 
35 plurality of expansion oone segments, comprising: 
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dividing the expansion oone segnnents into first and secx>nd groups of 

expansion cone segments; 
mterieaving the first ami second groups of expansion cone segnients; 
overlapping the first and second groups of expansion oone segments; 
5 resiiiently guiding the expansion cone segments on a multi-sided tapered body; 

guiding each of the expansion cone segments on opposite sides in the 

drcumferentidl direction; and 
contrdlably displacing the expansion cone segments along the tapered IxxJy. 


10 

51 . A methcKl of operating an adjustable expansion oone assembly comprising a 
plurality of expansion cone segments, comprising: 

dividing the expansion cone segments into first and second groups of 

expansion cone segments; 
15 interleaving the first and seooral groups of expansion cone segments; 

guiding the expansion cone segments on a mulU-sided tapered body; and 
oontrollably displacing the expansion cone segments along the tapered body 

while also relatively dispiadng the first and second groups of expansion 

cone segments in opposite directions. 

20 

52. A method of plastteally defomning and radially expanding an expandable tubular 
member using an apparatus comprising a tubular support member, an adjustable 
expansion oone assembly nrxsvably coupled to the tubular support member, and an 
actuator movably coupled to the tubular support member for adjusting the adjustable 

25 expansion oone assembly, comprising: 

coupling a first end of the expandable tubular member to a tubular structure; 

lodung the actuator to the tubular support member of the apparatus; 

inserting the apparatus into the first end of the expandable tubular member, 

moving the actuator and the adjustable expansion cone assembly of the 
30 apparatus out of the second end of the expandable tubular member, 

reinserting the actuator of the apparatus into the second end of the expandable 
tubular memt>er; 

unlocking the actuator from the tubular support member of the apparatus; 
rotating the actuator relative to the tubular support member of the apparatus; 
35 and 
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increasing the outside dianneter of the adjustable expansion cone assembly by 
moving the tubular support member relative to the actuator, the 
adjustable expansion cone assembly, and the expandable tubular 
member; and 

5 plastically defonming and radially expanding the expandable tubular member by 

moving the adjustable expansion cone assembly through the 
expandable tubular member. 

53. The method of claim 52, wtierein the tubular support member includes one or 
10 more lugs; wherein the actuator includes one or more conresponding retaining slots; 
and wherein locking comprises positioning the lugs into the corresponding retaining 
slots. 


54. The method of daim 52, virherein the tubular support member includes one or 
15 more lugs; wherein the actuator Includes one or more oonesponding retaining slots; 

and wherein unlocking comprises positioning the lugs out of engagement with 
corresponding retaining slots. 

55. The method of daim 52, wherein moving the tubular support member relative to 
20 the actuator, the adjustable expansion cone assembly, and the e}q3andable tubular 

member comprises: 

the actuator frictionally engaging the expandable tubular member. 

56. The method of daim 52. wherein moving the adjustable expanston cone 
25 assembly through the expandable tubular member comprises: 

pulling the adjustable expansion cone through the expandable tubular member. 

57. The method of daim 52. further comprising: 

fluidkdy sealing the interface between the tubular support memb^ of the 
30 apparatus and the expandable tubular member, 

wherein moving the adjustable expansion cone assembly through the 

expandable tubular member comprises: 
injecting a pressurized fluid into the tubular support member. 


35 58. A method of plastically deforming and radially expanding an expandable tubular 
member using an apparatus comprising a tubular support member, an adjustable 
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expansion cone assembly movably coupled to the tubular support member, and an 
actuator movably coupled to the tubular support member for adjusting the adjustable 
expansion cone assembly, comprising: 

coupling a first end of the expandable tubular member to a tubular structure; 
5 inserting the apparatus into the first end of the expandable tubular member in a 

first direction; 

displacing the actuator of the apparatus in a second direction opposite to the 
first direction; 

applying a resilient biasing force to the adjustable expansion cone assembly in 
10 the second direction; 

moving the actuator and the adjustable expansion cone assembly of the 

apparatus out of the second end of the expandable tubular member, 
reinserting the actuator of the apparatus into the second end of the expandable 
tubular member in the second direction; 
1 5 increasing the outside diameter of the adjustable expansion cone assembly by 

displadng the actuator and the adjustable expansion cone assembly 
relathfe to the expandable tubular member in the first direction; and 
plastically defonming and radially expanding the expandable tubular member by 
moving the adjustable expansion cone assembly through the 
20 . expandable tubular member in the sMond direction. 


59. The methpd of daim 58. wherein displacing the actuator of the apparatus In the 
second direction comprises: 

impacting the actuator with the first end of the expandable tubular memt)er. 

25 

60. The method of daim 58, wherein displadng the actuator and the adji^table 
expansion cone assembly relative to the expandable tubular member in the first 
direction comprises: 

impacting the actuator with the second end of the expandable tubular member. 

30 

61 . The method of daim 58. wherein moving the adjustable expansion cone 
assembly through the expandable tubular member comprises: 

pulling the adjustable expansion cone through the expandable tubular member. 


35 62. The method of daim 58, further comprising: 
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fluididy sealing the interface t>etween the tubular support menrd)er of the 
apparatus and the expandable tubular mwiber; 

wherein moving the adjustable expansion cone assembly through the 
expandable tubular mentf)er comprises: 
5 injecSng a pressurized fluid into the tubular support member. 

63. An adjustable expansion cone assembly, comprising: 
a plurality of expansion cone segments; 

means for guiding the expansion cone segments on a tapered body; and 
means for oontrollably displacing the expansion cone segments along the 
tapered body. 

The assembly of daim 63, further comprising: 

means for resiliently guiding the expansion cone segments on the tapered 
body. 


10 

64. 

15 


65. The assembly of daim 63, further comprisir^r 

means for intertocking the expansion cone segments. 


20 66. The assembly of daim 63, further comprising: 

means for dividing the expansion cone segments into first and second groups of 

expansion cone segments; and 
means for interieaving the first and second groups of expansion cone 

segments. 

25 

67. The assembly of daim 66, further comprising: 

means for overiapping the first and second groups of expansion cone 
segments. 


30 68. The assembly of daim 66, wherein the means for controllably displadng the 
expansion cone segments along the tapered body comprises: 

means for displadng the first and second interieaved groups of expansion cone 
segments in opposite directions. 

35 69. An adjustable expansion cone assembly, comprising: 
a plurality of expansion cone segments; 
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means for guiding the expansion oone segments on a multi-sided tapered body, 
means for interiocking the expansion cone segments; and 
means for oontrollabty displacing the expansion oone segments along the 
tapered body. 

An adjustable expansion cone assembly, comprising: 
a plurality of expansion oone segments; 

means for resiliently guiding the expansion cone segments on a multi-sided 
tapered tKxJy; 

means for guiding each of the expansion oone segments on opposite sides in 

the circumferential direction; 
means for interloclcing the expansion cone segments; and 
means for oontrollably displacing the expansion cone segments along the 

tapered body. 

An adjustable expansion oone assembly, comprising: 
a plurality of expansion oone segments; 

means for dividing the expansion oone segments into first and second groups of 

expansion cone segments; 
means for interleaving the first and second groups of expansion cone 

segments; 

means for overlapping the first and second groups of expansion cone 
segments; 

means for resiliently guidirig the expansion cone segments on a multi-sided 
tapered body; 

means for guiding each of the expansion oone segments on opposite sides in 

the drcumferential direction; and 
means for controllably displacing the expansion cone segments along the 

tapered body. 

An adjustable expansion oone assembly, comprising: 
a plurality of expansion cone segments; 

means for dividing the expansion cone segments into first and second groups of 

expansion cone segments; 
means for interieaving the first and second groups cf expansion oone 

segments; 
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means for guiding the expansion cone, segments on a multi-sided tapered body; 
and 

means for oontroUably displadng the expansion cone segments along the 

tapered body while also relatively displacing the first and second groups 
5 of expansion cone segnients in opposite directions. 

73. An apparatus for plastically defomning and radially expanding an expandable 
tubular memt)er» comprising: 

a tubular support member 
10 an adjustable expansion cone assembly movably coupled to the tubular support 

member; 

means for actuating the adjustable expansion cone assembly; 

means for locking the actuator to the tubular support member of the apparatus; 

means for unlocking the actuator from the tubular support member of the 
15 apparatus; 

means for increasing the outskle diameter of the adjustable expansion cone 

assembly by moving the tutujiar support member relative to the actuator, 
the adjustable expansion cone assembly, and the expandable tubular 
member. 

20 

74. The apparatus of ctedm 73. wherein the tubular support member includes one or 
more lugs; wherein the actuator includes one or more corresponding retaining slots; 
and wherein the means for locking comprises positioning the lugs into the 
corresponding retaining slots. 

25 

75. The apparatus of daim 73, wherein the tubular support member includes one or 
more lugs; wherein the actuator includes one or more corresponding retaining slots; 
and wherein the means for unlocking comprises positioning the lugs out of engagement 
with corresponding retaining slots. 

30 

76. The method of daim 73, further comprising: 

means for flutdidy sealing the interface between the tubular support member of 
the apparatus and the expandable tubular member. 

35 77. An apparatus for plasticedly defonming and radially expanding an expandable . 
tubular member, compri^'ng: 
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a tubular support member; 

an adji^ble expansion cone assembly movably coupled to the tubular support 
member, 

means for actuating the adjustable expansion cone assembly; 
means for displacing the actuator of the apparatus in a first direction; 
means for applying a resilient biasing force to the adjustable expansion cone 

assembly when the actuator is displaced in the first direction; 
means for increasing the outside diameter of the adjustable expansion cone 

assembly by displacing the actuator and the adjustable expansion cone 

assembly relative to the expandable tubular member In a second 

direction opposite to the first direction. 

78. The apparatus of dairn 77, wherein the means for displacing the actuator of the 
apparatus in the first direction comprises: 

means for impacting the actuator. 

79. The apparatus of claim 77, wherein the means for displacing the actuator and the 
adjustable expansion cone assenrdMy relative to the expandable tubular member in the 
first direction comprises: 

means for impacting the actuator. 



Application No: 
aaims searched: 


% Office I 



GB04261S8.2 Examiner: David Pepper 

1-3 Date of search: llJaxuiaiy 200S 


DtVESlQRINP&OPLB 


Patents Act 1977: Search Report under Section 17 
Documents considered to be relevant: 


CategDiy 

Relevant 
to claims 

Identity of document and passage or figure of particular rdevance 

X.E 

1-3 

WO 2003/016669 A 

(Eventure Global Technology) - see page 4, line 25 to page 5, line 19 

X 

1 aiid2 

WO 01/60545 A 
(Shell Oil) - see figs la and lb 

X 

land! 

WO.98/00626A 
(Shell Int Research) - see fig 

X.E 

Iaixl2 

US 6568471 Bl 
(Shell Oil) - see fig le 

X 

1-3 

US 3245471 A 
(Howard) - see fig 1 


Categories: 


X DocumcnliDdk^ng lack of novelty or inventive A Document inrticating techmrfogical background and/or state 

step oftbean. 

Y DocumcA indicating lack of inventive stq» if P Documem published on or after tbe declaitd priority ^ 

cotnbined with one or more other documents of but before the filing date of this invention. 

same category. 

Sl Meoter of ibe same patent family E Patent documett publisbed oo or after, but with priority date 

' earlier dmu the filing date of this applicaiion> 


Flddof Seardi: 

Search of GB, EP, WO A US pateitt documents classified iti tte follow^ 


EIF 


Worfctwidc search of patem documents classified in the following areas of the IPCf" 

IE21B ~ 
The following online and other databases have been used hi the iwcparaiion of this search report 
Online: WPI. EPODOC. JAPIO 


